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ABSTRACT 
The sustainability of municipal drinking water services in the Niger Delta region of Nigeria 
requires that its water utilities enhance their resilience to a range of risks posed by extreme 
weather events. Excellence in managing such risks is essential, not only to the bottom line and 
reputation of the utilities, but also to the wellbeing and prosperity of the people they serve and 
the preservation of nature in order to sustain ecosystem services. In the context of this study, 
organisational resilience has been defined as the adaptive deployment of the utility’s assets and 
structures within its continua of inter-dependences to improve and sustain performance even in 
the face of repeated perturbations. On the other hand, vulnerability is defined as the utility’s 
inability to withstand adverse stress based on limited or constrained capacity to adapt hence 
creating pathways through which risk impacts the utility.  This definition of vulnerability is in 
tandem with those that argue that the key parameters of vulnerability are the stress to which a 
system is exposed, its sensitivity, and its adaptive capacity.  In view of this, and also based on the 
findings of the study, the study notes that utility management could be a complex and 
challenging task, especially, in a multi-risk delta environment where extreme events are intense 
and frequent. Utility managers can become veterans of risks by dissipating, more than ever 
before technical competence, watershed/ecosystem awareness, social engagement skills and 
conceptual ability. The latter includes an understanding of how the complexities of the upstream 
and downstream environment impacts on the utility’s internal environment and operations. The 
diffusive nature of risk makes every risk a potential high impact risk and the understanding of 
this, is the key to a resilient organization. Risk analysis and management in water utilities should 
aim to limit the diffusion of risks across streams in order to retard vulnerability. Utility resilience 
options will need to vary depending on climate –related risks to each system, utility management 
goals, legislation, local and national water management strategies and finance. Utilities in the 
Niger delta needs to fully understand that they operate close to the edge by virtue of being below 
sea level and should cultivate a keen awareness of the consequences of flooding and saltwater 
intrusion, and the importance to manage them amongst others. The study has shown that there 
is need now, more than ever before for increased revenue generation, elimination of 
wastes/inefficiencies, financial investment and strategic management of water services 
operations in the study area if residents and the unborn generation are to be guaranteed of safe 
and adequate drinking water.                                                                                        
 
Key Words: Resilience, Climate, Water Utility, Niger Delta, Nigeria, Socio-ecology, Risk                                                                                                                        
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CHAPTER ONE  
INTRODUCTION 
1.1 Background  
The sustainability of municipal drinking water services in the Niger Delta region of Nigeria 
requires that the water utilities operating there enhance their resilience to a range of risks posed 
by extreme weather events. Part of this includes that any risk management measure proposed or 
designed needs to be blended with appropriate management skills.  Managing efficiently is vital 
in order not to endanger the reliability of the water resources, the infrastructure and the human 
resource. Excellence in managing these and emergent high impact risks is essential, not only to 
the bottom line and reputation of the utilities, but also to the wellbeing and prosperity of the 
cities they serve.  
A study (World Bank, 2010) reports that Nigeria is one of the countries that are vulnerable to 
severe weather events that are expected once every 11 to 50 years. The World Bank (2010) 
further states that such events would exceed the public sector’s financial ability to restore 
damaged infrastructure and continue other planned development projects. The Niger Delta 
represents one part of Nigeria with a high vulnerability to such extreme events based on a myriad 
of factors such as the delta’s low topography and environmental setting that is susceptible to 
hazards. Other issues are socio-economic, such as a rapidly sprawling urban population, 
degraded landscape, dilapidated infrastructure, the often compromised enforcement of 
legislations, weak institutions, random natural resource exploration and incidents of pollution. 
For example, Syvitski (2008) explains that low gradients of deltas serve as dangerous 
environment for human habitation, allowing river flooding to spread across the flat delta plains 
through distribution channels that often switch their location and direction. In further analysis of 
a delta’s inherent risks, Syvitski (2008) describes a delta’s low gradient as being both attractive 
and dangerous to human utilisation. According to Syvitski (2008), the large flat delta is attractive 
and dangerous because it has the potential for easy agricultural development, made further 
attractive by its rich organic soil (e.g., Nile, Indus, Danube, and Po; Woodroffe et al. 2006) and at 
times rich deposits of natural resources particularly petroleum reserves, fishes and abundant 
water resources.  
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The result has been a rich agglutination of human population and industry in deltas. Globally 1.2 
billion people (23% of the world’s 2003 population) lived within 100 km of the coast (Small and 
Nicholls, 2003). Another 50% are likely to do so by 2030 as fifty-one of the world’s deltas have a 
combined population of 325 million in 2007 (Syvitski, 2008).This is out of a global population of 
6.6 billion in the year 2007 (Bates et al. 2008).  This is predicted to increase rapidly through the 
growth of megacities such as Shanghai, Guangzhou, Bangkok, Yangon, Kolkata, Dhaka, Lagos, 
Ho Chi Min City and Hanoi (Woodroffe et al. 2006).                                                                                                                                                    
Urbanization in the Niger Delta results in a range of socioeconomic changes in addition to the 
movement of people to cities. An increase in urban population increases the demand for water 
(Molden, 2007) as is often the case with deltas (Seto, 2011; Syvitski and Saito, 2007; Ericson et al. 
2006). The water utilities that serves this population are currently perceived to be exposed to 
hazards such as coastal erosion, flooding, salt intrusion, and subsidence, as well as extreme high 
and low river discharges and changes in precipitation and evaporation etc. For example, Adger et 
al. (2005) states that an estimated 10 million people worldwide experiences coastal flooding each 
year due to storm surges and landfall typhoons. Also 50 million could be at risk by 2080 because 
of climate change and increasing population densities (Nicholls, 2004). Already, WHO/UNICEF 
(2011) estimate indicates that between 1990 and 2008, the urban population in Sub-Saharan 
Africa more than doubled. Also, while overall urban coverage levels have stayed just above 80%, 
access to piped supplies decreased by 13 percentage points from 68% in 1990 to 55% in 2008 
(WHO/UNICEF, 2011).  
In addition, over half of the 126 million urban dwellers that gained access did so through using 
piped supplies on premises (42 million) and public taps (23 million) and that between 1990 and 
2010, over 2 billion people gained access to improved water sources and that this demonstrates 
what countries can achieve with sustained commitment, adequate resources and effective 
implementation approaches (GLAAS, 2012). The adequate resources underscored here consist 
of adequate financing and human resource development that are needed to sustain the existing 
infrastructure and to expand access to drinking-water services amongst others (GLAAS, 2012). 
This underscores the need for more work in order to sustain the progress already recorded in 
access, especially in Africa. 
The importance is the realisation that in addition to other allied services, water utilities generally 
provide piped water services, which commonly undergo extensive treatment and guaranteeing 
reasonable level of safety. Based on this attribute, water services provided by water utilities are 
regarded as improved. ‘Improved’ drinking water sources, is defined (JMP, 2012), as those water 
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sources that, by the nature of their construction, are protected from outside contamination, 
particularly faecal matter. First on this criterion are piped household connections which are rated 
as the optimal service level (WHO/UNICEF, 2011), since it provides the most convenient 
supply and has positive impacts on health and hygiene. Following on the same criterion are 
public standpipes, boreholes, protected dug wells, protected springs, or rainwater collection.  
However, these water utilities whilst under pressure to improve the reliability, sustainability and 
affordability of their services by an expanding urban population, even with less money and lean 
institutional capacity, still needs to understand and efficiently manage climate induced hazards 
and their local vulnerabilities. Hazard elements here consists of erosion, increasing flood-
frequency probabilities, inundation, rising water tables, salt water intrusion, rising temperature, 
and air humidity issues.  
The effects of climate change in terms of increasing variability of water resources will exacerbate 
too little water – scarcity; too much water flooding; or water that is unfit for use – pollution (Orr 
et al. 2009). According to CPWC (2009), fears prevails over possible water shortages as a result of 
climate change hence the urgent need for adaptation. The possible impact of demographic 
pressures in a delta setting makes the picture critical.  A likely negative consequence would be 
large-scale water shortages, unless water use is adapted or future water supplies improved either 
by storage or transfer. Public water utilities are potentially worse hit as they would in addition to 
emergent climate change hazards risks; also contend with possibly pressures from elected 
politicians, customers and industry etc. 
The implication is the challenge of managing for sustainability through disaster or loss reduction. 
Managing for sustainability in the municipal context depends on managing the costs of service 
provision using existing infrastructure along with additional investment in new water 
infrastructure and rehabilitation, both physical and institutional (UNWWDR3, 2009).Achieving 
this will enable utilities to overcome, or incur minimal loss from a range of risks and still provide 
water services for the rapid increase in the urban population.  
Demands for service efficiency as is traditional, will continue to take centre stage more than ever 
before.  An understanding that a dynamic and flexible management strategy needs to be 
developed in order to effectively confront these issues is a desideratum. Investment is required in 
developing the capacity of the managing institutions, at least, so that infrastructure can meet 
appropriate standards and function efficiently (UNWWDR3, 2009). This has become imperative 
based on the often lopsided emphases on technology as a first choice climate change adaptation 
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response. However, in the midst of such first choice technological preferences are operational 
inefficiency, ineffectiveness and general managerial incompetence with its negative consequences 
on overall utility objectives. 
In the context of this study, organisational resilience is defined as the adaptive deployment of the 
organisation’s assets and structures within its continua of inter-dependences to improve and 
sustain performance even in the face of repeated perturbations. This definition has been adapted 
from the ecological angle (e.g. Berkes and Folke, 1998; Adger et al. 2005; and Walker and Salt, 
2006); and the social angle (organizational) definitions (e.g. Seville et al. 2007, Horne and Orr, 
1998; and Wildavsky, 1991). On the other hand, vulnerability in the context of this study is 
defined as a utility’s inability to withstand adverse stress based on limited or constrained capacity 
to adapt its assets and structures, hence creating pathways through which risk impacts the utility.  
This definition is in tandem with Adger (2006) who argues that the key parameters of 
vulnerability are the stress to which a system is exposed, its sensitivity, and its adaptive capacity.  
This context definition has been adapted from earlier literature definitions (Blaikie et al. 1994, 
Henninger 1998., Frankenberger et al. 2000, Alwang et al. 2001; Oliver –Smith 2003, and 
Cannon et al. 2003).                                                                                                                                                      
The understanding that risk is determined by a company’s unique business and is inevitably 
peculiar to specific institutions and sometimes specific departments and operations (Orr et al. 
2009) is crucial. For a business enterprise, such as a municipal water utility, private or public; the 
definition of risk by the HBSE (2004) is instructive: ‘‘a risk is anything with the potential to cause 
sudden and serious damage to its employees, reputation, or bottom line’’.  Consequently, it is reasonable to 
understand why the potential impacts of climate change on drinking water services is of 
increasing concern to a growing number of utilities worldwide (IWA, 2009). Driven by 
shareholder expectations, regulatory constraints, customers with their own set of growing 
expectations, and governments with responsibilities to deliver on water quantity and quality 
objectives, these concerns present a future of increased risk for relevant sectors and their 
managing institutions (IWA, 2009).  
1.2 Purpose statement and theoretical base                                                                                      
The main aim of the study is to assess the preparedness for increasing resilience of water utilities 
in the Niger Delta to the impacts of extreme weather events and develop adaptation strategies to 
increasing resilience. The conceptual base for the study is the Coupled Social-Ecological (CSE) 
systems perspective which is an emerging theory in social learning as expounded by Berkes and 
Folke (2002).  
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The socio-ecological system; the interconnectedness of the natural and social system is 
underscored. It emphasises that the components of the nested hierarchical structure of ecological 
and social-institutional systems are connected through ecological knowledge and understanding, 
and that this should translate into management practices. Within the ecosystem, all biological, 
chemical, and physical matter exists in a complex relationship of interdependence 
(Stoddart,1965) hence any perturbation e.g. flood or drought prevalent for example, in the 
watershed also manifests sooner than later on the social system often via  responses to manage it. 
 A more purposeful response could be a proactive one that considers and defines the central 
roles of the ecosystem (as represented for example by the watershed) and the social system (as 
represented for example by the municipal water utility). The coupling of these two systems could 
possibly facilitate learning and also enhance opportunity for vulnerability or impact assessment. 
A Coupled social-ecological system will likely support planning as it facilitates the identification 
of vulnerabilities across the entire system, helping to recognise the mechanisms which cause 
vulnerability in the first place. Similar proposition was made by Adger (2006). This is so because 
vulnerability is manifest at multiple scales (Turner et al. 2003).  
Utilities seeking to increase their resilience or promote policy interventions that promote 
resilience may also have to contend with the arduous task of understanding the multi-level nature 
of vulnerability (Adger, 2006). Also Carpenter et al. (2001) posits that the key elements of socio-
ecological resilience are the ability to adapt to new circumstances. This may however be based on 
a full assessment of the entire vulnerability within both the social and ecological sphere. The 
analysis of resilience of public institutions such as the water utilities may also need to emphasize 
the inter-linkage between the natural resource and the socio-economic.  
With this conceptual underpinning, the study proceeds to answer its research questions. 
1.3 Research objective/question, proposition and contributions                                                                      
In accordance with the conceptual perspectives deployed for the study, the principal 
objectives/questions to be addressed in this research are:  
1. To assess the impacts of climate variability/ extreme events on water utility operations.  
2. To gauge the understanding of these impacts by key water utility personnel  
3. To identify the extent of utility vulnerability.  
4. To assess current utility efforts to address these vulnerabilities. 
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5. To assess the appropriateness of approaches identified in Question 4 above. 
6. To suggest appropriate adaptation measures. 
                                                                                                                                             
Essentially, a total of four out of nine water utilities will be studied. It is to be argued that the 
impact of climate extremes on services provided by these water utilities is largely a reflection of 
the impact on the ecological system ab initio, since the utility depends on the ecological system as 
a raw water source and host of its assets e.g. pumps, dams and pipe networks etc. On the other 
hand, the society correspondingly depends on the utility for its water needs and demands.If these 
interactions and inter-dependences are inadequately analysed, then management may be 
constrained. 
It is also to be argued that utilities in the Niger Delta need to adopt enterprise risk management 
in order to effective manage the diversity of the risks they face. The study further aims to argue 
that for risk management to actually succeed, that core values of organizational culture, clear 
procedure and technology should also be considered within the realms of cost-quality –time 
nexus. 
Unraveling these concerns requires an assessment of the state of knowledge concerning the likely 
impacts of climate change, and to achieve this, a solicitation of the judgment and considered 
opinion of experts in this and related fields is necessary. This study adopts this approach in 
addition to other approaches such as the traditional research approaches e.g. document review, 
structured interviews and use of questionnaires etc.  
In analyzing the foregoing questions, the study aims to also make the following vital 
contributions to knowledge in the sector; 
1. Strengthening the resilience literature by highlighting cost, time and quality impacts as 
important components of enterprise risk management. This will be done using a 
theoretic base – the coupled socio-ecological system perspective which will assess 3 
impacts at 3 levels of ecology, social and institution. The analysis of risks based on these 
3 attributes will provide critical information on cost implications, time implication and 
/or quality implication vital for follow-up scenario design. It is intended that the study 
will differ from extant literature on enterprise risk management within the sector through 
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this highlight. 
2. Secondly, it aims to emphasize that organisational commitment to managing risk 
including those of climate change should de-emphasize first step deployment of 
technology at the expense of organizational culture and procedure. An organizational 
pyramid of competence will be developed to emphasize this cogent point. 
3. Thirdly, it will open up information on climate and associated risks plaguing major public 
water utilities in four principal cities of the Niger Delta. Information and data to be 
generated are likely to influence future studies in the area.  
4. This study intends to expound the municipal water service literature by bringing in and 
using a combination of biological and sociological theories and concepts to analyze and 
explain the resilience concept and its adaptability to the sector. 
1.4 Justification for the research                                                                                                          
The justification for this research draws inspiration and significance from the following points; 
1. The foremost justification for this study is that it adds to, and enriches similar studies 
that are needed at both local and national or country level, among others as inputs for 
the national communications as required by the United Nations framework convention 
on climate change (UNFCCC), otherwise known as "country studies".  
2. It has relevance to utility reform or performance improvement in the study area where 
the utilities’ share of the water market has continued to plummet, even when they remain 
the only formal institutions providing safe drinking water (based on the treatment 
processes that the water undergoes).  
3. The interactions between the ecological system and the social system are at the center of 
climate change adaptation. Adapting the socio-ecological concept (or bringing it to the 
front burner) to the urban water system is an interesting study area that needs further 
exploration. 
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1.5 Methodology                                                                                                                                
Both the case study methodology and the Delphi technique will be used. However, the 
overarching research strategy to be used in designing this study is the case study methodology. 
This strategy will define the step-by-step process at which this study will proceed in finding 
answers to the six research questions. This will be very much in tandem with Punch (1998) 
definition of a research strategy as a set of ideas by which a study intends to proceed in order to 
answer its research questions. Authors such as Punch (1998), de Vaus (2001) and Yin (2003) also 
agrees on the five main types of research strategies, which include: experiments, survey, and 
analysis of archival records, history and case studies.  
1.6  Thesis Outline                                                                                                                                   
The content of the rest of the thesis will be structured as follows: 
Chapters 2: Literature review - which reviews the utilities and discusses ideas and argument 
relevant to understanding the topic being researched. 
Chapter 3: Conceptual Framework – which discusses the relevant concept critical in shaping the 
ideas behind this study.                                                                                                                   
Chapter 4: Research Design and Methodology – which discuss the way the study was organized, 
and how data was collected and analyzed.                                                                                                                   
Chapter 5: Data Analysis  
Chapter 6: Discussion of findings – which discusses the findings of the study.                                                                                                           
Chapter 7: Conclusion 
1.7 Delimitation of Scope   
 1. The study will make conclusions based on an assumed scenario of global warming that is 
generally below a 2oC increase (above pre-industrial climate) as is currently the case.  
2. The study acknowledges that by using expert judgment, it accepts that these experts may have 
difficulty estimating the consequences of events, such as ocean surge, sea level rise, land 
subsidence, coastal erosion etc. that have not been observed scientifically and may not be able to 
provide accurate estimates that are sufficient for decision making. 
3. Further studies may be needed to establish in more specific terms, the relationship between 
resilience and utility assets i.e. the capacity the assets confers on a utility to sustain its services. 
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Assets in this regards consists amongst others on equipment and machinery, human capital, 
managerial competence, core values of organisational culture and procedure as well as working 
capital, water source, catchment, customers and other stakeholders.  
1.8  Chapter Summary                                                                                                                          
This chapter in a nutshell captures the contents of this research, explaining in brief, the relevant 
details and main points of processes, ideas and conclusions made in the research. It provides 
pragmatic bases for critique, review and further research. 
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2 CHAPTER TWO  
LITERATURE REVIEW 
 
2.1 Introductions                                                                                                                                                          
This chapter reviews the state and situation of the municipal water service institutions/utilities 
that constitute the focus of this research, otherwise referred as the unit of analysis of the study. 
In doing that, it however provides a background exposition of the Niger Delta setting, and 
reviews extant literature on latent and prevailing risks in the area. Both the origin and pathways 
of these risks and their implication for the receptor –municipal water services are discussed such 
as the delta setting, biophysical, bio-geophysical and institutional attributes relating to or 
associated with consequences of climate variability. It also specifically reviews relevant literature 
on risk management, identifying gaps and highlights how resilience or organisational resilience 
can be achieve while managing risks and the application of its concepts in the water utility 
services.  
2.2 Study Setting                                                                                                                                                                                                                                                                                                          
The Niger Delta is located in the southern part of Nigeria, bordered by the Atlantic Ocean to the 
south and shares its eastern border with Cameroon. The region represents about 12 per cent of 
Nigeria’s total surface area of 112,110 km2. The Niger Delta has an area extent of about 
70,000km2 (Ohimain, 2004; Shakirudeen et al. 2009), of which about 270km (Abam, 2001) are 
coastline. This represents about 30 percent of the entire Nigeria’s coastline of 900km (Ohimain, 
2004). However the entire coastline is threatened by coastal erosion (Ohimain, 2004). Also, the 
Niger Delta has a wetland that measures about 30 000 km2, and dissected by a dense network of 
rivers and creeks (Abam, 2001), though highly silted up (Ohimain, 2004). The region consists of 
nine of Nigeria’s 36 states including Abia, Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Imo, 
Ondo and Rivers states as shown in Figure 2.1. 
 
11 
 
 
Figure  2-1: Map showing states of Niger Delta. Source: BYSSDS (2009) 
 
2.2.1 The Niger River and its basin:                                                                                                                   
The Niger River rises from Guinea highlands (Fouta Djallon) and flows over a distance of 4,200 
km (Okpara et al. 2009), draining parts of Guinea, Mali, Niger and Nigeria to discharge its 
waters, sediments into the Gulf of Guinea of the Atlantic Ocean. The Niger River drains a 
greater part of the West African area before emptying into the Atlantic Ocean at the Niger delta. 
The area of the Niger River basin is estimated at 2,240,000km2 (Dai and Trenbert, 2002).  
The Niger River is mainly rain-fed, and rains carried with the southeast monsoons make the 
greatest contribution to water replenishment of the River Niger (Kravtsova et al. 2008). Across 
the region’s major basins, the variation in discharge time is generally concomitant to that of 
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rainfall. However the decline in flow is more significant than that of rainfall: 40% to 60% average 
decline since the early 1970s against 15-30% for rainfall (Servat et al. 1997 and Paturel et al. 1997). 
The Table 2.1 shows the Niger River-the largest river in the region-where in addition to a drop 
in surface run off, severe low flow conditions that resulted in the stoppage of flows were 
observed in 1983, 1984 and 1987 over the Bani tributary at Douna, Mali or in 1985 in Niamey. 
In 2002, the volume of water discharged at Koulikoro (upper reaches of the river in Mali) was 
29.7billion cubic meters, that is, a 14% decrease in relation to the average for the period 1971-
2001 consisting of a mean annual volume of 34.4 billion cubic meters. There is a 40% drop in 
the 2002 discharge compared to the average for the period before 1970 (over 49 billion cubic 
meters per annum). The situation translated into the accelerated desertification process, major 
crises in cereal production, massive migration of rural population to urban areas etc.  
Table  2.1: Ten-year variations in precipitation and average discharge across the five 
largest drainage basins of West Africa: deviation from the average for the period 1951-
1989 in % 
Drainage basins   
1951-
1960 
 
1961-
1970 
 
1971-
1980 
 
1981-
1989 
Total 
1971-
1989 
The Senegal, Gambia, Corubal and 
Konkoure rivers (Northern Guinea) 
Rainfall 
Discharge 
+23.0 
+32.6 
+13.0 
+23.6 
-8.5 
-24.1 
-16.5 
-35.7 
-25.0 
-59.8 
Rivers of Southern Guinea, Sierra Leone 
and Liberia 
Rainfall 
Discharge 
+10.3 
+19.6 
+5.2 
+15.7 
-3.5 
-9.3 
-13.3 
-28.8 
-38.1 
-15.4 
Lower reaches of the Niger River Delta 
(Onitsha, Benue) 
Rainfall 
Discharge 
+11.3 
+14.8 
+3.1 
+13.4 
-4.2 
-8.7 
-11.2 
-21.5 
-15.4 
-30.2 
Rivers of Cote d I’voire, Ghana, Togo, 
Benin 
Rainfall 
Discharge 
+9.3 
+23.4 
+4.6 
+21.8 
-5.5 
-18.4 
-9.4 
-29.9 
-14.9 
-48.3 
Coastal rivers of Nigeria and Central 
Cameroon: Wouri, Mungo, Sanaga 
Rainfall 
Discharge 
+3.1 
+10.5 
+7.4 
+12.6 
-1.4 
-9.3 
-9.6 
-15.3 
-11.0 
-24.6 
Source: Mahe and Olivry, 1995 as quoted by Niasse et al. (2004)  
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2.2.2 Variation in annual average discharge                                                                                                         
It has been noted by Niasse et al. (2004) that a significant variation in annual average discharge 
has been observed since the 1970s in most rivers in West Africa, including the Niger River. This 
has been corroborated by other scholars such as Kravtsova et al. (2008), Abam (2001) and Ibe 
(1996). Factors responsible for this decrease includes severe drought in the upper reaches of 
West Africa, water withdrawal and further water loses for evaporation from reservoir surfaces; 
the construction of the large reservoir of Kaiji (which resulted to a decrease by 20% in the mean 
water discharge downstream), as well as the construction of a series of reservoirs on its 
tributaries especially the Bakolori, Kiri and Pankshin dams on Rivers Sokoto and Kaduna 
(Kravtsova et al. 2008).  
The drop in the flow of the large rivers has direct consequence on the replenishment of most 
dam reservoirs in West Africa (Niasse et al.2004). Built mainly in the 1960s and 1970s, these 
dams were in general designed according to the prevailing hydrological standards of the previous 
decades, which were relatively wet (Niasse et al.2004; Kravtsova et al. 2008). As at today, these 
areas have become subject to recurrent rainfall and hydrometric deficits since the beginning of 
the 1970s.  A total of 49 medium- and large capacity dams are located within four hydrological 
zones of the Niger delta (Abam; 1999), 35 of which are on the Niger river basin with a combined 
reservoir capacity of 29,017.62 x106 m3 (Abam; 1999), and having a direct impact on the Niger 
delta especially reduction in flow and sediment delivered to the coast.  
However, Imo River and Cross River are major rivers in the Niger Delta vicinity, though they are 
not tributaries of the Niger River. Oteze (1981) argues that 4 rivers, namely; Ogun, Osun, Osse 
and Cross River (all in southern Nigeria) discharge more than 2.4 x 1011m3 of water directly into 
the sea.  This amount of discharge helps to balance seawater (Oteze, 1981). In effect, the 
addition of the amount of discharge by Imo and Great Kwa rivers (discharge not covered in this 
estimate) would likely consolidate this balance hence retarding salt water intrusion in-land. 
According to Abam (2001), over the years, this process has resulted in the formation of a 
complex and fragile delta with rich biodiversity.  
2.2.3 Sediment balance of the Niger River                                                                                                    
The Gulf of Guinea faces the entire South Atlantic Ocean and is backed by the vast West 
African continent, from which rivers, large and small, descend into the ocean (Allersma and 
Tilmans, 1993). In the entire coastal West Africa, amongst the rivers directly discharging into the 
sea, only the Niger River was capable of forming a delta. The other rivers such as those in Ivory 
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Coast e.g. Sassandra, Bandama and Kamoe rivers; Republic of Benin (Mono and Quémé rivers) 
( Allersma and Tilmans, 1993) and Cross and Imo (in Nigeria) formed an estuary instead.  
The input of sediment into the Niger Delta, particularly during seasonal flooding, and the 
constant erosion of the coastlines has characterised the environment of the delta for millions of 
years (Moffat and Lindén, 1995). The construction of upstream dams in the 1960s and 1980s, 
particularly in the Kaiji and Jebba reservoirs which are constructed in the mainstream Niger 
River (Kravtsova et al. 2008) has resulted in reduced discharge as well sediment load decrease 
(Ibe, 1996), as the subsequent sedimentation in the reservoirs has decreased the supply of 
sediments to the delta (Moffat and Lindén, 1995). The drainage pattern is shown in Figure 2.2:  
 
Figure  2-2: Niger River Delta showing drainage pattern and limit of tidal influence 
(Abam, 1999)                         
In addition to this, sediments were retained in two large reservoirs on the Benue River and in 
numerous small reservoirs in the tributaries of both the Niger and Benue Rivers ((Kravtsova et al. 
2008). Also, large quantities of sediments were excavated from the rivers, delta branches and 
estuaries for construction needs ((Kravtsova et al. 2008) as well as dredging activities of the oil 
industry (Ohimain, 2004). Also, many canals that were constructed in the delta for the needs of 
the oil production and transportation turned into a sort of ‘‘traps’’ for sediments. And, finally, 
the reoccurring drought event in the Niger River basin (Kravtsova et al. 2008) was also a factor. 
It is estimated that around 70% of the sediment transport via the rivers through the delta and 
into the sea has been lost because of these dams (Collins and Evans 1986). Allersma and Tilmans 
(1993, pp.217) explains the process involved thus:  
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‘‘The sediment transports in the river section downstream of the dam are influenced in two ways: the reduction of 
the supply of original material (To) from upstream because of entrapment in the reservoir; and the reduction of the 
transport capacity (T1) of the modified flow downstream of the dam. Erosion of the river bed downstream of the 
dam will replace part of the entrapped sediments, until the transport capacity (T2) for bed material is reached. This 
is the load which reaches the mouth of the river. The erosion and degradation gradually adapts the river bed 
downstream (Jansen et al. 1979) of the dam to the new conditions. The degradation propagates seaward until it 
reaches the coast. From then on, the bed of the whole river and its sediment load will be fully adapted to the new 
regime. Depending on the conditions, such processes take one or more centuries to develop. The West African rivers 
that have been regulated during the past decades are still in the first phase. They may enter the second phase in the 
course of the next century, except the Niger, which will take much longer’’. 
Allersma and Tilmans (1993) further posits that the low sediment yield of the Niger Basin is the 
result of sediment deposition in the inner delta (in Mali), as well as the inclusion of large areas of 
desert and parts of the Cameroun Mountain in the catchment. And that the influence of the Kaiji 
Dam on the supply by the Niger River is much smaller, because it does not influence the Benue 
River, which contributes more than half of the water and about two-thirds of its sediments 
(Allersma and Tilmans, 1993).Another major tributary of the Niger is the Anambra river (Oteze, 
1981), near Onitsha. (On the other hand, the authors posit that deforestation and other 
destruction of the vegetation on the Niger catchment may also have increased the sediment yield 
of the river.  
Finally, the deltaic deposits of the Niger River comprise mainly medium to coarse 
unconsolidated sands, silt, clay, shale and peat (Moffat and Lindén, 1995).It was also posited by 
that Allersma and Tilmans (1993) that the amount of sediment deposited by a river determines 
the morphology of the coast. For example, Allersma and Tilmans (1993 pp. 211) postulates thus:  
‘‘The profile of a shore that accretes shifts perpendicular to the coast. Such a change is generally due to a gradient 
in the long shore transport which occurs in the breaker zone near the coast. An accreting shore, especially at 
harbours and deltas, is generally steep (Cape St Paul), while receding shores are flatter (Keta) with the limit of 
active erosion ending in shallower water. In this case, the accretion by 1m of 1km of shore may require 15000m3 
of sediments, while only 10,000m3 becomes available by a smaller recession’’. 
And, the Niger delta is largely, flat, low-lying swampy basin criss-crossed by a dense network of 
meandering rivers and creeks (Moffat and Lindén, 1995). 
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2.2.4 The Nigerian coastal area                                                                                                                          
The Niger Delta is a major geomorphic feature in the Nigerian coastal zone. It stretches from 
the Benin River estuary for about 450 km eastward and terminates at the mouth of the Imo 
River estuary. A total of 21 estuaries open and discharge into the sea through the Delta. The 
Niger Delta consists of many distinct ecological zones such as fresh water swamp, mangroves, 
creeks, estuaries and barrier islands. The Nigerian Coastal Area can be divided into three main 
hydrological areas (Akintola 1986), the western littoral, the Niger Delta and the eastern littoral.  
2.2.4.1. Western Littoral Hydrological Area:                                                                                                                              
This includes the rivers on the Barrier-Lagoon complex, the mud coast and the western delta 
flank. Some of the major rivers are: Yewa, Ogun, Oshun, Shasha, Oluwa, Siluko, Benin, 
Escravos and Forcados. Many of these rivers are long and originate within the Basement 
complex, except those in the western delta flank. 
2.2.4.2. Niger Delta Hydrological Area:                                                                                                                
This hydrological area comprises the rivers of the arcuate Niger Delta. The zone consists of a 
dense network of small rivers and creeks or distributaries flowing into the Ocean (Allersma and 
Tilmans, 1993). The small rivers include: Ramos, Dodo, Pennington, Sengana, Nun, Brass, Santa 
Barbara and Sombrero (FEPA, 1997). Most of these rivers are short coastal rivers and are 
distributaries to the Niger River (FEPA, 1997). They originate within the coastal plain sands of 
the Benin Formation. The waters are transparent and acidic. The Ase and Orashi rivers are 
located within this hydrological area and both run parallel to the Niger river. Figure 2.3 shows 
the hydrographic scheme of the Niger River mouth area and the main delta branches and creeks. 
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Main delta branches and creeks as shown in figure 2.2 are (1) Forcados; (2) Nun; (3) Orashi; (4)Sagbama; (5) Bomadi; 
(6) Nikorogbo; (7) Sangana; (8) Oguburi; (9) Ekole. The main coastal watercourses and estuaries are: (10) Benin; (11) 
Escravos; (12) Forcados; (13)Ramos; (14) Dodo; (15) Penington; (16) Middleton; (17) Kulama; (18) Fishtown; (19) 
Sangana; (20) Nun; (21) Brass; (22) St. Nicholas; (23) Santa Barbara; (24) Santa Bartholomew; (25) Sombreiro; (26) 
New Calabar; (27) Bonny; (28) Andoni; (29) Imo. The dashed line shows the land boundary of the modern delta. 
Figure  2-3:Hydrographic scheme of the Niger Delta (Kravtsova et al. 2008) 
 
2.2.4.3. Eastern Littoral Hydrological Area                                                                                                                   
This zone includes the rivers on the eastern Delta flank and the Strand coast. These are: Bonny, 
Andoni, Imo, Kwa Iboe and Cross Rivers. The Imo and Cross rivers are large river systems that 
originate from the Basement complex.  The various rivers in the Nigerian Coastal Area have 
varying lengths and widths and are subjected to tidal activities which may extend several tens of 
kilometers (50 - 80 km) inland (FEPA, 1997). The general hydrological cycle in the Nigerian 
Coastal Area has a dry season period of about 4 months, December to March. In April, the stage 
gradually rises in the rivers reaching a peak around September - October.  
2.2.5 The geology of the Niger delta                                                                                                               
The geology of the Niger Delta has been presented by several authors (Short and Stauble 1967; 
Agagu 1979; Asseez 1976; Novelli 1974; Kogbe 1976; Hospers 1965; Ofoegbu 1985; WEC 
1985). Accounts from these studies shows that the Niger Delta is geologically defined by three 
main litho-stratigraphic units that are associated with the three major depositional cycles to 
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which the area was subjected. The upper-most of these is the Benin Formation, which is 
composed of coarse grained, gravely sandstone with minor intercalations of shale. It is a 
continental deposit of Miocene to recent age and has a thickness in excess of 182m. Typical 
outcrops of the Benin Formation can be seen around the towns of Benin, Onitsha, and Owerri 
and almost all hydrogeological activity to date in the Niger Delta has been restricted to this 
formation (Amadi et al.1989).  
The Benin formation is the major aquifer in the Niger Delta. Its age is the Pliocene –Pleistocene. 
It consists mainly of medium to coarse sands. It outcrops over an area of more than 10,000km2 
in South-eastern Nigeria and over 13,000km2 in south-western Nigeria up to the Nigeria - 
Republic of Benin borders (Oteze, 1981). In the coastal areas of south-eastern Nigeria, it dips 
below the recent swamp deposits. This feature of the Benin formation is characteristic of 
aquifers within the Atlantic coastal zone, which has been noted (Barlow, 2003) to vary in size 
from local-scale aquifers that are a few square miles or less in areal extent to multilayer, regional-
scale aquifers that are tens of thousands of square miles in areal extent.  
Although these multilayer, regional aquifer systems may be discontinuous locally, they act 
hydrologically as a single system on a regional scale (Sun and Johnston, 1994), and the Benin 
formation possesses this character as it is the most extensive of the 8 giant aquifers in the entire 
Nigerian sedimentary basin (Oteze, 1981); occurring beyond the delta into the Lagos –Osse 
basin, Afikpo-Mamfe-Calabar flank basin and the Anambra –Benin flank basin (Oteze, 1981). It 
is generally prolific, and a regionally unconfined and semi-confined aquifer. There are four broad 
ecological zones in the region defined by both relief and hydrological characteristics (NDDC, 
2003) as shown in Table 2.2. These are, from the coast inland, the coastal sandy barrier ridge 
zone, the mangrove swamp zone, the freshwater swamp zone and the lowland rainforest zone 
(UNDP, 2006). 
This Niger delta features enables the case study utilities to share common geological resources 
such as those of the regional aquifer known as the Benin formation (as shown in Table 2.2). The 
Benin formation extends from the West across the whole Niger Delta area and southward 
beyond the coastline in the southern Niger Delta. It is over 90% sandstone, with minor shale 
intercalations in some places. It is coarse grained, gravelly, locally fine grained, poorly sorted, 
sub-angular to well-rounded and bears lignite streaks and wood fragments.                                                                                                                                                              
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Table  2.2: A profile of the Benin formation across the Niger Delta ecological zones 
Coastal sandy 
barrier ridge zone 
Mangrove swamp zone Freshwater swamp zone Northern Dry lands 
Aquifers present in the central and coastal parts are usually in the form of thin, lenticular and 
discontinuous sands located at great depths under clay deposits. Often these clay deposits are 
irregularly distributed thus making aquifer depths and positions difficult to predict except on 
individual site basis (Okagbue, 1989) 
 Good producing 
aquifers. Even at 
shallow depths 
Accessibility problems make movement of heavy drilling or production equipment difficult through 
the swamps and creeks. 
 Very Accessible for 
drilling activities 
Salinity problems are more pronounced within the mangrove and coastal aquifers. They are as high 
as 5,000 – 10,000 ppm of cl- at the mouth of the rivers, decreasing to 1,000 ppm inland up to a 
distance of 20km from the coast (NADECO, 1960) 
Negligible salinity 
Heavy metals and 
Flooding nuisance 
Heavy metals 
and Flooding 
nuisance 
Water quality is greatly degraded by the breakdown of 
organic matter derived from vegetation cover and 
humus. Water is generally very acidic and contains 
high proportions of nitrate and ammonia. 
Good quality 
High Iron content High Iron 
content 
GW is very corrosive as iron content is very high (up 
to 5mg/l) and damages pipes hence constraining 
distribution by pipe network. 
Negligible Iron content  
Source: Author’s adaptation from Okagbue (1989) 
The base flow of the major rivers in the delta e.g. Niger, Imo, and Cross etc. taps this aquifer. 
The Benin formation is dominant and well exposed in cities of Owerri, Calabar, Port Harcourt 
and Yenagoa which are the focus of the study.                                                                      
2.2.6 Economy and Demography                                                                                                                       
The Niger delta retains abundant deposits of oil and gas resources as well as fishery, timber and 
agriculture resources with intense human and industrial activities (Seto, 2011). OPEC (2009) 
shows that Nigeria’s proven crude oil reserve of 37.20 billion barrels and natural gas reserve of 
5,249 billion cubic meters, in addition to its crude oil production of 2,019 million barrels/day 
(OPEC, 2009); are mostly generated from the delta.  The result is that cities in the Niger Delta 
retain a growing population as shown in Table 2.3: 
Table  2.3: Population estimate of study areas 
State Capital 2004 2010 2020 
Yenagoa (Bayelsa) 664,760 715,896 784,076 
Calabar (Cross River State) 1,128,265 1,215,054 1,330,774 
Owerri (Imo) 1,531,749 1,649,574 1,806,678 
Port Harcourt (Rivers) 2,027,499 2,183,460 2,391,409 
Source: Author’s adaptation from NPC (2004) 
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Most of these people include foreigners who have migrated from different parts of the world to 
be part of the region’s oil and gas economic activities.  In the Niger Delta area, the states with 
the highest population sizes are Rivers, Delta, Akwa Ibom and Imo (Please refer to Annex Table 
2.1 for a detailed population breakdown of Niger Delta states). With the possible exception of 
Bayelsa and Cross River states, there are probably no significant differences in population sizes 
among the states. However, differences do show up in population densities. The overall 
population density for the Niger Delta region based on the 2005 population is 202 persons per 
km2. But some states have densities far above this—e.g. Abia State (478 per km2), Akwa Ibom 
(354 per km2), Imo (481 per km2) and Rivers (307 per km2) with Port Harcourt as a major city 
(shown in Figure 2.4).  
 
 
Figure  2-4: Areal view of Port Harcourt urban area (GPHC, 2009) 
Population distribution within each state is uneven, particularly in Yenagoa, where the 
fragmented, swampy landscape constrains human settlements. The urban sector, with its 
concentration of informal sector activities, plays a growing role in the economy of the Niger 
Delta region. Trading (17.4 per cent), services (9.8 per cent) and miscellaneous activities (11.1 per 
cent) are the most important areas of employment (UNDP, 2006).                                                                                                                                                                                 
2.3 Niger Delta compared with some other global deltas                                                                            
Kravtsova et al. (2008) notes that the Niger Delta is one of the most humid deltas of the world. 
The amount of precipitation is more than 3500mm and exceeds the total amount of evaporation 
at 1000 – 1500mm. Kravtsova et al. (2008) also notes that the Niger River carries into the ocean 
about 220km2 of water a year, that is, much greater runoff value than recorded at the delta head 
and that this underscores its uniqueness in this regard. It has the greatest percentage ratio of 
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water addition to the river water runoff among all the deltas of the world especially deltas of the 
rivers of Red (9.5%), Irrawaddy (6.2%), Ganges/Brahmaputra (3.2%), Yana (2.3%) and Mekong 
(2.0%) of the river water runoff respectively (Mikhailov, 2004; Kravtsova et al. 2008). Also,  Ibe 
(1993, 1996) posits that the rate of subsidence in the Niger delta averages 2.5cm/year and 
according to Abam(2001) it may reach even 2.5 – 12.5cm /year, which is much higher than 
values of (5 – 10mm/year) in the deltas of the Nile, Rhone and Mississippi (Mikhailov, 1998). 
Other commonly shared features with other deltas of the world are as shown on Table 2.4.                                                                                             
Table  2.4: Some of the world’s deltas compared to the Niger Delta  
Delta Area size 
(km2) 
% 
Sediment 
reduction 
Subsidence 
rate 
(mm/y) 
Oil/Gas/GW 
extraction 
Recipient 
water body 
Major cities @ 
risk 
Niger 
(Nigeria) 
17 – 75,000 
(a, d, f and 
g) 
50 (b) 7.5 (b) Major (b) Gulf of 
Guinea 
Port Harcourt, 
Yenagoa, Aba, 
Calabar, Warri, 
Owerri 
Nile 
(Egypt) 
24, 900c 98(b) 5(b) Major (b) Mediterranean 
Sea 
Alexandria, Port 
Said, Rosette, 
Damietta 
Ganges/ 
Bramaputra 
(India & 
Bangladesh) 
105, 641d 30(b) 18(b) Major (b) Bay of Bengal Kolkata, Haldia, 
Mongla, 
Chittagong, Dhaka 
Mekong 
(Vietnam) 
49,000e 12(b) >5(b) Minor (b) South China 
Sea 
Can Tho                     
Ho Chi Minh City 
Indus 
(Pakistan) 
29,500f 80(b) 1.3(b) Minor (b) Arabian Sea Karachi 
Chao 
Phraya 
(Thailand) 
11, 300f 88(b) 50 - 150(b) Major (b) Gulf of 
Thailand 
Bangkok 
Mississippi 
(USA) 
28, 800c 48(b) 5-25(b) Major (b) Gulf of 
Mexico 
New Orleans 
Yangtze 
(China) 
35 – 
100,000f 
70(b) 10(b) Major (b) East China 
Sea 
Hangzhou, 
Ningbo 
Yellow 
(China) 
5,710c 90(b) 8(b) Major (b) Bo Hai Sea Dongying 
Irrawady 
(Myanmar) 
35,000f 30(b) 6(b) Minor (b) Andaman Sea Yangon 
Source: a= (Evamy et al. 1987; Oteri, 1988; Ohimain, 2004; Shakirudeen et al. 2009); b= Syvitski et al. (2009); c= 
Ericson et al. (2006); d=Coleman et al. (2003); e= Scot (1989); f=Seto (2011) and g= Syvitski and Saito (2007) 
Also, in comparison to other global deltas, Allersma and Tilmans (1993) posit that the 
continental shelf of West Africa that hosts the Niger delta is narrow, and that no offshore islands 
protect the coast against oceanic forces. They also posit that the wind is a persistent south-
westerly monsoon modified by land and sea breeze in the coastal area. Wind speed varies 
between 0.5 – 2.5m/s and 2 -6 m/s in coastal Nigeria (Allersma and Tilmans, 1993). Storms are 
very rare in the entire coastal West Africa (Allersma and Tilmans, 1993). Weaker line squalls with 
heavy rain and strong winds of short duration occur occasionally (Allersma and Tilmans, 1993). 
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During winter, there are some occurrences of the hot, dry, north –easterly harmattan, when the 
inter-tropical convergence zone deviates from its normal southerly position at 5 – 7oN (Allersma 
and Tilmans,1993). Also, Nicholls and Mimura (1998) posit that the Niger delta is the least 
studied and least developed except at harbours and seaports. Kravtsova et al. (2008) also adds 
that little is known about the Niger River delta in Russia, even though it is one of the largest 
deltas of the world. The CPWC (2009) summarizes common issues at stake in global deltas to 
include; 
1) Pressure on available space 
2) Vulnerability to flooding 
3) Shortage of freshwater resources 
4) Subsidence 
5) Ageing infrastructure 
6) Erosion of coastal areas 
7) Loss of environmental quality 
8) Filter or sink for upstream pollution 
Table 2.5 highlights the extent of severity of these issues; 
Table  2.5:  Some challenges common to deltas and extent of severity  
Delta Pressure on 
space 
Flood 
vulnerability 
Freshwater 
shortage 
Ageing or 
inadequate 
infrastructu
re 
Coastal 
erosion 
Loss of 
environmenta
l quality and 
Biodiversity 
Ganges-
Brahmaputra 
delta 
(Bangladesh) 
XXXX XXXX XX XX XXXX XXXX 
Nile River 
Delta (Egypt) 
XXXX X XXXX XXXX XX XX 
Niger River 
Delta (Nigeria) 
XXX XXX XXX XXXX XXX XXXX 
Source: Adapted from CPWC (2009) and Syvitski (2009) 
Legend: 
X:             relatively minor problem, now and in the near future 
XX:           currently a minor problem, but is likely to increase in the near future 
XXX:         currently already a big problem, future trend uncertain 
XXXX:       currently already a big problem, likely to increase in the near future.                                                                           
 
However, and despite all these challenges, Tables 2.6 identify the opportunities in a delta;   
Table  2.6: Opportunities in deltas 
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Opportunities for the human population in deltas 
i) Strategic location close to seas and water ways 
ii) High potential for port development and oil industry 
iii) Fertile soils and rich aquatic environment 
iv) Large potential for agriculture and fisheries 
v) Valuable and most productive ecosystem 
Source: Adapted from CPWC (2009)                                                                                                                                                         
2.4 Defining Climate Change and its effects                                                                                  
NACWA (2009) defines Climate Change as the shift in the average weather, or weather trends 
that are experienced over decades or longer, and that these shifts are not demonstrated by a 
single event, but by a series of events, like floods or warm years that change the average 
precipitation or temperature over time. Accordingly, NACWA (2009) argues that observations in 
the 20th century indicate rapid climate change with records showing that average surface 
temperatures have risen to about 1.5oF (or 33.5oC)since the early 20th century.  
On the other hand, IRI (2007) argues that climate change generally refers to longer term trends 
in average temperature or rainfall or in climate variability itself, and often to trends resulting 
wholly or in part from human activities, notably global warming due to the burning of fossil fuels 
and that climate change will lead to more frequent and more damaging extreme events (IRI, 
2007). Conversely, IRI (2007) argues that the term ‘climate variability’ refers to variations of the 
climate system, which includes oceans and the land surface as well as the atmosphere, over 
months, years, and decades. IRI (2007) explains that this encompasses predictable variability, i.e. 
the march of the seasons; and also includes an inherent uncertainty, for example, the rainy 
season is a predictable occurrence, but the amount, timing, and distribution of the rains is 
uncertain.  
Though, considerable scientific uncertainty remains (Houghton et al. 1992), during the next half 
century, average global temperature is projected to rise by 2 -5oC, Seal level to increase by 80cm 
or more, global precipitation and evapotranspiration to increase by 7 – 15% and 5-10 % 
respectively, runoff to increase, and average summer time soil moisture to decrease globally 
(Manabe and Wetherald, 1986; Schneider et al. 1992). The projected alterations of climate and 
sea levels are however, expected to vary significantly in direction and magnitude on a regional 
basis, and the level of confidence for regional projections is much lower than that for global 
projections (Schneider et al. 1992). 
Emergent from these projections is how to cope with such prevailing phenomenon. Bates et al. 
(2008) argument becomes instructive. It argues that current water management practices may not 
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be robust enough to cope with the impacts of climate change/variability on water supply 
reliability, flood risk, health, agriculture, energy and aquatic ecosystems. It also adds that in many 
locations, water management cannot satisfactorily cope even with current climate variability, so 
that large flood and drought damages occur.  
The implication of the argument is that extant management practices in the water sector are 
neither adaptive nor resilient in order to cope with the emergent climate threats. Hence, Jeffrey et 
al. (1997) underscores that this is avoidable if such management approaches distinguishes 
between flexibility and adaptability. Flexibility, it argues are the options that are held open for the 
future, and adaptability, the ease or difficulty with which those options can be taken up when 
needed.  
Also, IPCC (2007) recommends the incorporation of improved information about current 
climate variability into water –related management because it would assist adaptation to longer-
term climate change impacts. However, IRI (2007) argues that information so gathered could 
also be used to design climate change scenarios. And that such scenario could typically consider 
the climate 50 to 100 years from now. IRI (2007) however, it argues that there is high uncertainty 
in such long-term projections, so current strategies for adapting to change over these time 
horizons are vulnerable to ‘regrets’ if our expectations turn out to be wrong; arguing that it is 
clear, however, that learning now to better manage climate variability, over seasons and from 
year to year will better increase the resilience of infrastructure and systems and strengthen their 
capacity to adapt to future climate change. The resilience of infrastructure and systems is crucial. 
Jeffrey et al. (1997) are of the view that rresilience indicates durability or continuity. Its 
achievement, is promoted by enhancing both the potential for change (flexibility), and the ability 
to change (adaptivity) in the system's plans, configurations and functions. In more detail, 
flexibility indicates a potential for change or the existence of alternative positions / 
strategies/configurations (Jeffrey et al.1997). 
The vulnerability of drinking water in many parts of the world to climate change and its 
implication on its cost has been underscored by a variety of authors including Bates et al. (2008), 
UNWWDR3 (2009), Orr et al.( 2009), and IWA (2009).  And for Nigeria, this reinforces extant 
water shortages and mismanagement. Emergent from this, is that water availability from surface 
water sources or shallow ground water wells depends on the seasonality and inter-annual 
variability of stream flow, and a secured water supply is determined by seasonal low flows (Bates 
et al. 2008).  
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An intense scenario also buttressed predicts that a changing climatic condition will exacerbate 
the growing human pressures on water systems which include population growth, increasing 
urbanization, increased water demands, changing land use, intensive engineering works and so 
on (Bates et al. 2008, IWA 2008 and AMMA 2009). And worsening the scenario was the 
discovery that other factors which are capable of affecting the resource base-including the 
demand for water and the pressure on water managers- will also evolve over the next few years 
for reasons other than climate change (Arnell, 1998). In Nigeria, as elsewhere climate change 
together with demographic, socio-economic and technological changes will continue to influence 
water stress. However, and in such circumstance, Strzepek et al.(1998) argues that technology, 
economics and institutions would need to interact to make water supply meet demand.  
2.5 Climate Change and water hazards                                                                                          
Water-related hazards can be naturally occurring or anthropogenic (Feenstra et al.1998, 
UNWWDR3, 2009). Hazards can result from too much water (floods, erosion, landslides and so 
on) or too little water (droughts and loss of wetlands or habitats) and from the effects of 
chemical and biological pollution on water quality and in-stream ecosystem (UNWWDR3, 2009). 
However, anthropogenic hazards could also result from managerial incompetence, including 
misappropriation and the sheer inadequacy of external resources e.g. finance or updated 
information. 
The challenge especially, for utilities operating in the 4 Niger Delta cities (studied), as elsewhere, 
would basically not be in providing adequate quantities of water, but in providing clean supplies 
that minimise public health problems as suggested by Vorosmarty et al. (2000).  Achieving such 
milestone will task excellence in utility management especially in managing the oodles of risks 
associated with or related with;  
1) continuing demand for water by a growing urban population; and 
2) The availability and quality of raw water being drawn from rivers and reservoirs etc.  
2.6 Disaggregating water hazard risks                                                                                                    
Since risks are inevitably peculiar to specific regions and sometimes specific seasons (Orr et al. 
2009) as is the case for example, with the Pacific Ocean area. For example, Readers Digest (1992) 
report that virtually all the land areas that border the Pacific Ocean – from the west coast of 
South America, north to Alaska, through the Aleutians over to Japan, and south to Indonesia 
and New Zealand – have been the victims of relentless geologic violence since the dawn of 
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history. Along this vast arc, more than three-quarters of the world’s major earthquakes occur. 
And here too, more than half of the planet’s 600 active volcanoes are located. The Pacific ring of 
fire covers Chile, Mexico, California, Alaska, Japan, China, and other points to the south and 
west. Another example are the tropical storms – ‘‘Tropical storms are called a hurricane when they occur 
in the Atlantic Ocean, typhoon when they occur in the Pacific Ocean and Cyclone when they occur in the Indian 
Ocean. These massive rotating storms originate in the tropics, usually in late summer and autumn, and are 
characterised by torrential rains and violent winds’’ – (Readers Digest, 1992, pp.89).   
However, Goldenberg et al. (2001) and Holland and Webster (2007) posits that an additional 
impact of global warming will be changes in the magnitude and frequency of these tropical 
storms. See annex table 2.2 for hazards in relation to other global deltas and annex table 2.2 for 
some related disasters of the 19th and 20th centuries. Earthquakes occurring below seas/oceans, a 
product of plate tectonics is often cited (Bourrouilh-Le et al. (2007) as a triggering event for 
these hazards, while warm seas or high Ocean temperatures, a product of global warming; 
provide natural pathways for the hazards (see Readers Digest, 1992). 
On the other hand, and in furtherance to Orr et al. (2009) risks can be said to be relative to 
specific industry and business, hence it becomes germane to stress that the major potential effect 
of climate change on water resources lies in changes in the reliability of individual sources and 
the network of sources (Arnell, 1998) and on the intensity of precipitation events (Lambert et al. 
(2008) as well as the industries, businesses and people who rely and depend on these water 
sources e.g. the water utilities. And that for the Niger Delta, a myriad of factors such as the 
dominant monsoon wind inducing rainfalls (AMMA, 2009), acting in combination with the 
delta’s low topography, and environmental setting that is vulnerable to hazards, as well as the 
huge population with multiple sources of water supply, urbanisation and large oil industry 
presence that often compromises and constrains water quality.  
The foregoing water sector hazards are discussed in the following sub-sections under Bio-
physical and Bio-geophysical hazards together with in-situ vulnerabilities and their socio-
economic impacts on municipal water supplies. In order to fully understand the impact of these 
hazard risks on municipal water services, a review of institutional issues thereto (generally as a 
vulnerability factor) is also discussed. This approach has been chosen on the bases of the 
research aim (chapter one) as well as arguments made in chapter three and the subsequent sub-
sections.  
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2.7 Bio-physical hazard risks                                                                                                                                 
Biophysical hazard risks are risks and uncertainties associated with changes in hydrology and 
water quality (see Strzepek et al.1998). For example, changes in climate parameters, such as solar 
radiation, wind, temperature, humidity, and cloudiness-will affect evaporation and transpiration. 
Changes in evapo-transpiration and precipitation will affect the amount and the distribution, 
spatially and temporally, of surface runoff. Changes in runoff in combination with sea level rise 
will affect stream flow and groundwater flow (Strzepek et al. (1998). Less dilution flow of stream 
caused by water withdrawals would lead to degraded water quality; higher temperatures would 
reduce the dissolved oxygen content in water bodies; and in response to climate change, water 
uses, especially those for agriculture, may increase the concentration of pollution being released 
to the streams (Strzepek et al. (1998). These issues and more as observed in the Niger Delta are 
discussed as follows: 
2.7.1 Climate and Temperature                                                                                                                        
The Niger Delta is one of the most humid deltas of the world (Kravtsova et al. 2008). The delta’s 
climate is semi-hot, humid equatorial with wide variations from one part of the region to another 
(NDDC, 2011). The air humidity is seldom less than 80% (Ibe, 1996). UNDP (2006) records 
show that the Niger Delta temperatures are high and fairly constant throughout the year. 
Average monthly temperatures for the warmest months (February to April) range from 28o 
Celsius to 33o Celsius, while the average monthly temperatures for the coolest months, June to 
September, range from 21o Celsius to 23o Celsius (UNDP, 2006).   
This is a place of uniformly high temperatures throughout the year, high relative humidity and 
intense rainfall, which occurs almost year round in the core delta, but becomes markedly 
seasonal further inland with increasing distance from the ocean. Clouds are always observed over 
the maritime part of the delta, they make the analysis of space photographs complicated 
(Kravtsova et al. 2008). Seasonal fluctuations of air humidity and temperature are insignificant 
(Kravtsova et al. 2008). However, the gulf of guinea area, which encircles the delta at the Atlantic 
Ocean and upon which the Niger River empties has been identified by Leduc-Leballeur et al. 
(2009) as a source of low atmosphere humidity for the northward monsoon flow. According to 
Kravtsova et al. (2008), the Niger River delta is one of the hottest areas in Western Africa.  
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2.7.2 Rainfall intensity and patterns                                                                                                                                                      
Rainfall constitutes the major input into the hydrological cycle of any area (Ayoade, 1975). In 
Nigeria, the mean annual rainfall decreases northward from over 100in (1400mm) in the Niger 
Delta to less than 20in (280mm) in the extreme north-eastern parts of the country. The mean 
annual rainfall in the Niger Delta region varies from 4,000 millimetres in the coastal towns of 
Bonny (Rivers State) and Brass (Bayelsa State), to about 3,000 millimetres in the central Niger 
Delta towns of Ahoada (Rivers), Yenagoa (Bayelsa) and Warri (Delta), and about 2,400 
millimetres in the northern Abia and Imo states (UNDP, 2006). But Kravtsova et al. (2008)) 
argues that the total annual amount of precipitation in the Niger delta is high at 3000mm. This 
value is somewhat higher in the upper part of the delta, where it is equal to 3200mm; along the 
coastline, it varies from 3200mm in the west to 4000mm in the east (Kravtsova et al. 2008). 
According to (NADECO, 1961), the mean precipitation value in the delta is 3125mm.  
The evaporation value in the delta is 800 – 1200mm; the evaporativity reaches 1550mm 
(Kravtsova et al. 2008; NADECO, 1961). In the more interior locations in the northern parts of 
Cross River and Ondo states, mean annual rainfall is much less, ranging from 2,000 millimetres 
nearer the coast to 1,500 millimetres farther inland (UNDP, 2006). In Calabar Adefolalu (1984) 
quoting Oyebande, (1980) identifies flash flood conditions which are usually associated with 
50mm – 30 minutes fall  and associates it with heavy thunderstorms. At these times, the rate of 
fall may be much higher than the infiltration capacity of the soil (Adefolalu, 1984), and that the 
total amount over the short duration of the thunderstorms is often very high with the result that 
the intensity of the fall per hour is high. The second type of flooding is the general type which 
occurs when the soil has reached its field capacity and excess water will then constitute surface 
flow but when such a flow is impossible due to flat terrain flooding ensures (Adefolalu, 1984). In 
Calabar, the worst periods for such to occur are months of prolonged rainfall duration such as 
July to September when precipitation usually lasts for several hours (Adefolalu, 1984).  
2.7.3 Rainfall induced land erosion and gully formation                                                          
The effectiveness of rains in the region to cause erosion and gully formation has been attributed 
to the kinetic energy of the falling rain (Salako, 2008). Egboka et al. (1990) attributes the gully 
formation and expansion to climatic and anthropogenic factors (also cites: Grove, 1951; Floyd, 
1965; Ofomata, 1965). But Nwajide and Hogue (1979) as well as Adefolalu (1984) and Egboka 
and Nwankwor (1985), recognise the biologic and hydro-geotechnical characteristics of the gully 
areas as important factors in the gullying process. Rainfall erosivity is the potential ability of rain 
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to cause land erosion (Obi and Salako, 1995). This phenomenon is described as a function of the 
physical characteristics of rainfall especially in the tropics where the rains are comparatively 
intense and sometimes of long duration. These aspects, as well as those related to amount, drop 
size distribution, terminal velocity and extraneous factors such as wind velocity and slope angle, 
determine rainfall erosivity (Lal, 1976).  
Table  2.7: Annual Rainfall records (mm) of the 4 cities (1970 – 2000) 
YEAR/ CITY OWERRI CALABAR PORT 
HARCOURT 
YENAGOA 
1970 2050.2 3611.1 2100.1 3402.7 
1971 1820.1 3018.1 2019.7 3411.2 
1972 1991.1 3052.3 2001.2 3320.1 
1973 2101.1 3089.4 2411.2 2919.2 
1974 2216.6 2981.3 2320.6 3215.6 
1975 2214.4 2560.0 2491.5 3293.2 
1976 2319.2 3241.8 2321.8 3301.9 
1977 2217.7 3845.2 2235.5 3101.2 
1978 2181.4 3418.1 2291.2 3602.2 
1979 2148.2 3097.7 2342.5 3101.2 
1980 2216.4 2917.2 2544.9 3599.6 
1981 2152.2 2989.3 2158.3 3224.7 
1982 3628.7 3811.7 3991.5 4000.9 
1983 21721.4 2921.8 1632.2 3009.9 
1984 2026.4 2489.9 2126.8 2928.6 
1985 2211.1 3008.2 2395.6 3401.2 
1986 2019.9 2901.8 2283.1 3508.7 
1987 2112.4 3001.4 2261.3 3601.8 
1988 2982.1 3912.8 2160.2 4411.4 
1989 2982.1 2912.8 2160.2 4665.2 
1990 2981.1 2881.2 2073.3 2882.2 
1991 2651.2 2991.4 2094.4 4119.3 
1992 1751.8 2998.8 2962.2 3311.2 
1993 2165.2 3111.1 3542.4 4411.4 
1994 2150.2 3118.9 3374.2 4241.6 
1995 1998.2 3811.4 3569.3 4617.8 
1996 2200.1 4110.2 2339.4 3617.9 
1997 2200.0 2811.4 2329.4 4001.1 
1998 2012.2 2677.1 2569.3 3482.1 
1999 1998.2 2611.2 2499.6 4720.1 
2000 2111.8 3560.6 3068.9 4621.1 
2001 2015.2 2321.4 3153.5 4128.9 
2002 2011.8 4115.8 3166.2 2456.7 
2003 1900 4226.8 3300.7 3829 
2004 3012 3300 1876.4 3831.7 
2005 2058.7 3983.1 2004.1 3773 
2006 2017.8 2300.1 1877.2 3882.7 
2007 2977.6 3025.6 3405.3 3721.4 
2008 2998.4 3001.8 3325.2 4211.3 
2009 2811.3 3018.4 3349.7 3800 
2010 3200 3798.6 3438.6 3490.9 
Source: Author’s adaptation from data from NIMET, NRBDA, AIRBDA and CRBDA (2010) 
There have been very few attempts to map soil erosion in south-eastern Nigeria (or northern 
Niger Delta) despite its severity because of insufficient data (Salako, 1988) as quoted by Obi and 
30 
 
Salako (1995). Table 2.7 shows rainfall records 1970 -2010.  In these studies, the high incidence 
of gullying and land sliding was seen mainly in terms of the susceptibility of the sandy units to 
erosion under the influence of falling rain and anthropogenic factors (Egboka et al. 1990). 
However Adefolalu (1984) argues that in Calabar, under flash-floods, soil erosion due to excess 
surface flow will be dominant in areas with steep gradient while the more continuous and more 
lateral wash-off of top soils due to ‘‘sheet-flow’’ will be a prominent feature in similar areas when 
precipitation is of the monsoon type. Flash flood and gully erosion are to be associated with 
shorter-duration but high intensity thunderstorms in April-June and September-October while 
perennial flooding and sheet erosion at the peak of the rainy season are due to continuous 
moderate rain between July and September (Adefolalu, 1984). Factors responsible for erosion in 
the study area are rainfall intensities within the range of 100 to 125mm h-1 which are likely to 
occur more than five times a year in the region (Obi and Salako, 1995). Also, intensities between 
125 and 150 mm h-1 are not uncommon, whereas those greater than 150mm h-1 are rare (Obi 
and Salako, 1995). Hudson (1981) reported that storms exceeding 25 mm h-1 intensity are erosive 
and that storms in temperate regions hardly exceed 75 mmh-1. Obi and Salako (1995) argues that 
such threshold values will commonly be exceeded in south-eastern Nigeria and consequently, 
rainfall erosivity in the area is comparatively high.                                  
2.7.4 Flooding                                                                                                                                                               
The high rainfall and river discharge during the rainy season combines with the low, flat terrain 
and poorly drained soils, to cause widespread flooding and erosion, as over 80% of the delta is 
seasonally flooded (Moffat and Lindén, 1995). Recent reports (Okonkwo and Mbajiorgu, 2010; 
Ugorji et al. 2009; Ogba et al. 2009; Salako, 2008; Idah et al. 2008; Douglas et al.2008; Offiong et al. 
2008; Ologunorisa (2007); Ogbonna et al.2007; Igoni et al.2007; Gobo and Abam, 2006; Aprioku, 
2004 and 2005; Ibe and Sowa, 2002; Abam et al.2000) has continued to underscore the severity 
of flooding in parts of the study area in particular and the Niger Delta in general. Seasonal 
flooding occurs in the freshwater swamp forest zone during river floods induced by local rains 
and releases from upstream dam spillways as was principally the case with the 2012 flood events 
in parts of Nigeria when the upstream dam in Republic of Cameroun was opened.  
In the study area, the levels of risk of flooding are also induced by land use and town planning 
deficiencies especially risks associated serious deficiencies in provision for storm drainage. Gobo 
and Abam (2006) attribute urban flooding in Port Harcourt to insufficient drainage capacity, and 
uncoordinated and poorly maintained drainage. For these cities, the scale of the risk is much 
influenced by the quality of housing and infrastructure and the level of preparation of the city’s 
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population and key emergency services (Mark, undated). For such urban floods Adefolalu (1984) 
quoting Oyebande (1980), identifies flash flood conditions which are usually associated with 
50mm – 30 minutes fall and whose rate of fall may be much higher than the infiltration capacity 
of the soil in Calabar. Adefolalu (1984) also identified the second type of flooding, called the 
general type which occurs when the soil has reached its field capacity and excess water will then 
constitute surface flow but when such a flow is impossible due to flat terrain flooding ensures. A 
major factor influencing this is the preponderance of pavements and concrete surfacing.                                 
2.7.5 High turbidity and contamination of surface waters                                                                  
During the rainy season, for example, most of the rivers are turbid due to high clay and silt 
content derived from excessive riverbank erosion (Okagbue, 1989). Also, Adefolalu (1984) 
quoting Jungle (1971) identifies dust haze as being contributory to river turbidity especially when 
the dust settles down over land or over water. Also, water quality of surface water bodies in the 
fresh water swamp land area is greatly degraded by the breakdown of organic matter derived 
from vegetation cover and humus (Okagbue, 1989). Also, storm water, is a major source of 
pollution for surface water in most of the cities in the Niger Delta especially Port Harcourt, 
Calabar, Yenagoa and Owerri. Urban runoff pollution results from numerous sources, the most 
common of which is rainfall that becomes contaminated as it travels through the atmosphere, 
along the land surface and makes its way to a water bodies e.g. rivers (Mimi, 2009). Result from 
studies carried out by Rim-Rukeh et al. (2007) in seven rivers across 7 states of the 9 Niger Delta 
states (Imo, Bayelsa, Akwa Ibom, Delta, Rivers and Edo) linked the acidic pH to Humic Acid 
(HA) of surface water to decaying organic matter (leaves). The turbidity and electrical 
conductivity were attributed to the presence of decaying organic matter and the dredging 
activities of oil and gas exploration companies. Also, the Warri River is being polluted by 
untreated industrial and municipal wastewater on its route through the urban area (Enerhen, 
Aladja, Edjeba and Ogunu), and for Ogunu, direct disposal of municipal wastewater occurs near 
the Warri River and in irrigation channels, causes groundwater pollution (Ibe and Agbamu, 1999). 
2.8 Bio-geophysical risks                                                                                                             
Bio-geophysical issues here discussed are those effects that are possibly associated with, for 
example, climate change, especially in a coastal or delta environment where every day natural 
systems interactions combine to shape that environment. For example, irrespective of its primary 
causes, such systems can be affected in a variety of ways. The impact of these or such systems on 
water sources is the focus of this section. It however, needs pointing out that it is not the 
intention of this section to discuss the details of each type of effect and explain how they can be 
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identified. What is intended here is to basically underscore their presence and effects in the study 
area in the context of the study objective.                                                                                                                                                                     
2.8.1 Salt water intrusion                                                                                                              
Saltwater is defined as water having a total dissolved-solids concentration greater than 1000 
milligrams per liter (mg/L) while brackish water  are those waters having a total dissolved-solids 
concentration of 1,000 to 35,000 mg/L (Barlow,2003). Seawater has total dissolved solids 
concentration of about 35,000mg/L, of which dissolved chloride is the largest component (about 
19,000mg/L) (Barlow, 2003).  Freshwater – contains total dissolved solids concentration less 
than 1000mg/L (Barlow, 2003). Saltwater intrusion is the movement of saline water into 
freshwater aquifers. Lusczynski and Swarzenski (1966) and Amadi et al.(1989) posits that higher 
values of Cl- ion in groundwater samples are indicative of saline water encroachment; and that 
chloride concentrations of 50mg/L or more are indicative of saltwater intrusion. On the other 
hand, Oteri (1988) posits that aquifers having resistivity of 40Ωm and above are fresh while 
those with resistivity less than 40Ωm are brackish or saline.  Table 2.8 illustrates the possible 
mineral constituents of seawater. 
Table  2.8: Average concentrations of major dissolved constituents of seawater (from 
Hem, 1989, p.7) 
Constituent Concentration (milligram per liter) 
Chloride 
Sodium 
Sulfate 
Magnesium 
Calcium 
Potassium 
Bicarbonate 
Bromide 
Strontium 
Silica 
Boron 
Fluoride 
19,000 
10,500 
2,700 
1,350 
410 
390 
142 
67 
8 
6.4 
4.5 
1.3 
 
The proximity of coastal aquifers to sea water creates unique issues with respect to groundwater 
sustainability in coastal regions and these issues are primarily those of salt water intrusion into 
freshwater aquifers and changes in the amount and quality of fresh ground water discharge to 
coastal saltwater ecosystems (Barlow, 2003). Because saltwater has high concentrations of total 
dissolved solids and certain inorganic constituents, it is unfit for human consumption and many 
other anthropogenic uses (Barlow, 2003).Saltwater intrusion reduces fresh groundwater storage 
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and, in extreme cases, leads to the abandonment of supply wells when concentrations of 
dissolved ions exceed drinking –water standards (Barlow, 2003). The problem of salt water 
intrusion was recognised as early as 1854 on Long Island, New York (Back and Freeze, 1983), 
thus predating many other types of drinking –water contamination issues..  
A Saturated geologic material that yield usable quantities of water to a well or spring is called an 
aquifer. And for the Niger Delta, the primary geologic material with this feature is the Benin 
formation (see table 2.2). An aquifer can consist of a single geologic formation, a group of 
formations, or part of a formation (Lohman et al.1972). Confining units (or confining layers) are 
geologic units that are less permeable than aquifers (Barlow, 2003). Because of their lower 
permeability, confining units restrict the movement of groundwater into or out of adjoining 
aquifers (Barlow, 2003) and can as well protect the aquifers from pollution including those of salt 
water intrusion.  
Aquifers of the Niger Delta are generally unconfined hence the persistent fluctuation of water 
tables as a result of intense rainfalls of the wet season (the water table is always high), the result is 
that levels of concentration of some salts are reduced (Amadi and Amadi, 1986). On the other 
hand, during the dry season, the water level is lowered as a result of excessive abstraction and 
evapo-transpiration leading to high concentration levels in some ionic species (Amadi and Amadi, 
1986; Amadi, 1986; Ceffa et al. 1983). Olofsson (2005) attributes the cause of salinization to large 
scale over-abstraction of fresh groundwater, much greater than what can be recharged.  
For example, in parts of India by 1-2m annually; near Manila the groundwater level has dropped 
by 50-80m and many wells have dried out and must be constantly deepened while coastal regions 
in India and Thailand have been abandoned because of the lack of freshwater. So much 
freshwater abstraction makes it possible for heavier brackish water situated lower down to 
intrude and contaminate fresh water supplies. Abam (2001) posits that over-abstraction in 
coastal/estuarine aquifers may result in the reversal of hydraulic gradients of groundwater, and 
that when this happens, the saline water-freshwater interface moves towards a freshwater zone, 
thereby extending the zone of saline contamination. 
This interaction of saltwater and freshwater is a product of their density. Freshwater has a 
density of about 1.000grams per cubic centimetres (g/cm3) at 20oC, whereas that of seawater is 
about 1.025g /cm3 (Barlow, 2003). The density contrast between freshwater and seawater results 
in 40ft of freshwater below sea level for every 1ft of freshwater above sea level. This derived 
from the Ghyben –Herzberg equation: 
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Z = рf  ÷   рs  - рf  x  h ………………………..(1)   
                                                                                                 
Where                                                                                                                                                            
h= thickness of freshwater zone above sea level                                                                                              
z = thickness of freshwater zone below sea level and                                                                                                        
рs = density of seawater   and,   рf = density of saltwater, Hence; 
 
Z = 40h  …………………………………………………………………………..(2)  
 
And h + z = total thickness of the freshwater zone (below and above sea level). In relation to 
equations (1) and (2) above are figures 2.5 and 2.6. 
Figure  2-5: Simplified freshwater – saltwater interface in a coastal water –table aquifer 
(Source: Barlow, 2003) 
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Figure  2-6: Example application of equations (1) and (2) for estimating the thickness of 
freshwater in coastal water – table aquifer (Source: Barlow, 2003) 
 
A typical example of one factor driving this process was presented by Destouni (2005) who cited 
the case of the Aral Sea, arguing that if the total inflow of water to the sea decreases for instance 
due to damming that diverts water from inflowing rivers for hydropower and irrigation purposes, 
the sea level, volume and surface area must also decrease until the evaporation of sea water 
equals and balances the reduced total fresh water inflow to the sea. In the Niger Delta, about 46 
dams currently exist within the Niger River and its tributaries upstream (Abam, 2000). These 
water diversions which are used for both power generation and agriculture have reduced the 
volume of freshwater emptying into the Atlantic Ocean (Abam, 2000). Also, Destouni (2005), 
further argues that the increasing salt content of a shrinking sea increases seaward density and 
thereby the pollution risk of fresh coastal groundwater due to density- driven inland seawater 
intrusion. Destouni (2005) further posits that the lowering of sea-level, changes water pressure 
conditions towards increased seaward fresh groundwater flow, which counteracts density-driven 
sea-water intrusion. 
Abam (2001) further argues that the variation of abstraction rates and volume over the years in 
Niger delta coastal cities have led to increased chloride concentrations in neighbouring inland 
aquifers. Using practical examples, for the only available record on this, Abam (2001) showed 
that the average chloride concentration in groundwater from the Moscow Road, Port Harcourt 
pumping station increased from 11 milligram per litre in 1995 to 37 mg l in 1996 and then 
dropped to 17 milligram per litre in 1997. In the same period, groundwater abstraction from the 
major pumping station in Port Harcourt increased from 18.8 x 106 litres in 1995 to 3857 x 106 
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litres in 1996 due to a programme of World Bank intervention in water rehabilitation (Abam, 
1999, 2001). In 1997 abstraction dropped to 2926 x 106 litres.   
A corollary by Oteri (1988) was that the Niger Delta was formed on a subsiding basement with 
minor transgressions occurring from time to time during the main regression phase (Evamy et 
al.1978; Oomkens, 1974; Weber, 1971) and that it is likely that the saline water found in local 
Niger Delta aquifers are connate with the sands deposited during some of the transgressive 
phase of delta formation.   
In a similar study, Edet (1993) argues that the source of saline water may be diversified and 
noted that the source of salinity may be due to retention of ions from salt water trapped at the 
time of deposition, intrusion of salt after deposition due to change in sea level or in discharge, 
dissolution of rock minerals and concentration of the constituents by filtration by clay, and 
recharge by atmospheric precipitation containing ions. Edet (1993) concluded that a combination 
of all these factors might be responsible for the saline water in the area, especially as there is no 
clear pattern of distribution.  
Also, Olofsson (2005) posits that the intrusion of seawater into freshwater aquifer occurs along 
most of the built-up coastal areas because more than half the world’s population lives inside a 
60km wide coastal zone where very intensive building development is taking place. This 
compares with Small and Nicholls (2003) estimate of 23% of world’s population living within 
100km of the coast in 2003 (See section 1.1). Olofsson (2005) argues that almost all the 
megacities of the world are inside the coastal zone and even though large cities account for only 
about 10% of total freshwater abstraction, they impose a large local stress on the freshwater 
reservoirs (Olofsson, 2005), revealing that along large coastal areas, seawater has already intruded 
a long way into the freshwater reservoirs. This is the case in e.g. India, Taiwan, Bangladesh, 
Thailand, the Mediterranean countries and the Netherlands. Saltwater intrusion or salinity of 
groundwater far beyond the Atlantic coast of Nigeria has been reported by Tijani et al. (1996) in 
Ogoja area, lower Benue trough, Nigeria.  
Also, Etu-Efeotor and Odigi, (1983) and the World Bank, (1995) posits on saline contamination 
at Isaka near Port Harcourt caused by dredging activities by oil companies in the Niger Delta, 
also give rise to salt water intrusion Dredging activities can induce the lowering of the water table 
hence resulting in salt water intrusion.  The construction of canals also results to intrusion of salt 
water into fresh water swamps and groundwater (Ohimain, 2004; Abam, 2001; and Ashton-Jones, 
1998). However, a natural protection provided to Niger Delta groundwater are those offered by 
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intercalations of shale and clay (Short and Stauble, 1967) in the formation. The result is that the 
aquiferous Benin formation is confined, semi-confined and unconfined at regional extents. 
These protective intercalations have been found to occur in the aquifers up to the Owerri area 
(Ibe and Sowa, 2002), Port Harcourt (Amajor, 1991) and Calabar (Edet, 2004) and shields the 
groundwater from pollution, including saltwater intrusions. According to Ibe and Sowa (2002, 3): 
‘‘Coastal sands are medium-to-coarse grained, moderately-to-poorly sorted, angular to sub-angular, with lenses of 
clay and clayey fine-grained sands. The coastal sands and clay lenses form aquifer and aquitard systems, which are 
unconfined to semi-confined’’. 
However, beyond salt water encroachment constitute water quality problems, Akujieze et al. 
(2002) notes that low pH (5.0), high iron (6mg/l) and high manganese concentrations also 
constrain the Niger Delta aquifers.  
2.8.2 Sea level rise                                                                                                                                     
The rate of sea-level rise in the coast of West Africa, including the Niger Delta is estimated to be 
1.2mm per year during the past century (Warrick and Oerlemans, 1990), but the global 
greenhouse effect may cause an acceleration of the rate of sea level rise in the future (Allersma 
and Tilmans, 1993). This eustacy is added locally to the vertical tectonic movement of the coastal 
area (Allersma and Tilmans, 1993).  
According to Seto (2011), IPCC (2007) anticipates a rise in sea level of between 0.18 and 0.59m 
by 2100. However Vermeer and Rahmstorf (2009) after adding the effects of rapid dynamic 
changes in ice flow in Greenland and Antarctica show a rise in sea level in the range of 0.75 to 
1.95m by 2100. Also Pteffer et al. (2008) insists that a rise of 0.8m is very plausible.  However, a 
reverse natural phenomenon - land uplift, can also happen in place of subsidence. Land uplift 
leads to a relative rise that is less than the global average. It causes a relative fall of sea level as 
the rate of uplift exceeds the present rate of global sea-level rise. A typical example is the 
Scandinavia (Klein and Nicholls, 1998).   
Klein and Nicholls (1998) underscores that Sea –Level rise is expected to interact with changes 
in other climatic variables such as temperature, wind regime, precipitation, and soil moisture, and 
that the consideration of this interaction is encouraged where relevant and possible, as it will 
allow for more comprehensive appraisal of possible impacts and adaptation for specific socio-
economic sectors. Klein and Nicholls (1998) notes that natural coastal processes interact with 
and dynamically respond to regional and global changes such as sea-level rise, and thus 
determine the susceptibility, resilience, and resistance of the coastal zone to these changes. 
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A rise in sea level would produce four major bio-geophysical impacts on coastal areas, (1) 
Inundate and displace wetlands and lowlands; (2) Erode shorelines; (3) Exacerbate storm 
flooding and damage; (4) Increase the salinity of estuaries and threaten freshwater aquifers 
(Bijlsman et al. 1996). In turn, these will have socio-economic consequences, producing a 
cascade of impacts and responses through the coupled bio-geophysical –socio-economic coastal 
system (Klein and Nicholl, 1999).  
Sea –level rise can cause the salt water front to migrate inland because as the sea level rises, 
saltwater would be pushed landward and further upstream into coastal estuaries (Barlow, 2003). 
The potential consequences of sea level rise on coastal aquifers is of concern because global 
(eustatic) mean sea level has increased at an average rate of 1 to 2 mm/yr during the 20th century 
(a total of about 4 to 8 inches) and this increase has been attributed to an increase in the Earth’s 
temperature during the same period (IPCC, 2001).  
The Niger Delta is particularly at risk from sea level rise because of its low elevation over 
extensive areas (Moffat and Lindén, 1995). Syvitski (2008) identifies a number of anthropogenic 
influences that exacerbate the natural rates of sea-level rise on deltas, more so than, for most 
other coastline types such as the Niger delta. Accelerated compaction can occur with ground 
water withdrawal or hydrocarbon extraction (Syvitski, 2008). Accelerated “anthropogenic” 
compaction through either petroleum production or groundwater mining can increase the 
subsidence of delta plains by up to an order of magnitude over natural background rates 
(Syvitski, 2008). 
Nicholls et al. (1993) argues that a projected sea-level rise of around 1m per 100 years as quoted 
by the International Panel on Climate Change (IPCC) scenario would cause flooding over about 
18,000km2, or 2% of Nigeria’s land area. The consequences are that much of the economic 
activities in the delta including oil and gas production, agriculture and even urban water services 
would be disrupted. For example, flood events occurring between July and September caused 
massive destruction across the country especially communities living on the bank of the Niger 
River resulting in an estimated 20% retardation of oil industry activities (NIMET, 2012). Also, 
Moffat and Lindén, (1995) argues that up to 80% of the delta’s population may have to migrate 
to higher ground and property damage estimated at about USD 9 billion would be damaged, and 
that even the most conservative scenario, a sea level rise of only 0.2m, would put an area over 
2700km2 at risk. Both Olofsson (2005) and Destouni (2005) are in agreement that a moderate 
rise in sea level will seriously affect freshwater reservoirs. Merely because of differences in 
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density between fresh and brackish water, a 10cm rise in sea level will cause 4 meters of 
freshwater reservoirs to be lost (See Fgure 2.5 and 2.6).  
According to (Navoy, 1991; Nuttle and Portnoy, 1992; Ayers et al. 1994; Navoy and Carleton, 
1995; OudeEssink, 1999; Sherif, 1999; Sherif and Singh, 1999; and Douglas et al. 2001) sea – 
level rise could affect coastal aquifers in several ways. Perhaps most fundamentally, a landward 
movement of seawater would push saltwater zones in coastal aquifers landward and upward, 
which could accelerate rates of saltwater intrusion into aquifers already experiencing saltwater 
contamination (Barlow, 2003). Rising sea levels also may cause upstream migration of saltwater 
in coastal estuaries, inundation of low lying areas including wetlands and marshes, and 
submergence of coastal aquifers (Barlow, 2003). In some areas, sea-level rise would erode 
beaches and bluffs, leading to shoreline retreat, narrowing aquifers, and diminished areas of 
aquifer recharge (Barlow, 2003).  
Sea level rise might also cause increases in coastal ground water levels, because of the overall rise 
in the position of the freshwater-saltwater interface (Barlow, 2003). For example, McCobb and 
Weiskel (2003) report an increase of 2.1 mm/yr in the average ground water level measured from 
1950 to 2000 at an observation well on the outer part of Cape Cod, Massachusetts. Because this 
increase is similar to the relative sea-level rise measured at the Boston tide gauge from 1921 to 
2000 (2.5mm/yr), McCobb and Weiskel (2003) hypothesize that the ground-water-level increase 
may reflect sea –level-rise. Although sea level rise could increase seawater intrusion into coastal 
surface and ground waters, landward saltwater movement also will depend in part on changes in 
precipitation, runoff, and recharge that may occur within coastal watersheds (Barlow, 2003). For 
example, increased freshwater runoff could counterbalance the landward movement of saltwater. 
Moreover, should saltwater intrusion into coastal aquifers occur in response to sea level rise, it is 
likely that some aquifers may require hundreds to thousands of years to re-equilibrate to changes 
in sea level, such as has occurred in parts of the Northern Atlantic Coastal Plain Aquifer system 
where freshwater-saltwater interfaces appear to be still responding to sae-level increases that 
began at the end of the last Ice Age (Barlow, 2003).  
However, Sea level rise will not result in saltwater intrusion of confined aquifers (Klein and 
Nicholls, 1998). However, its needs to be noted that fluctuating sea levels is not a new 
phenomenon as argued by Haq et al. (1987) using advances in sequence stratigraphy depositional 
models which chronicled sea level records to the Triassic age (250 million years). Haq et al. (1987) 
further attributes changes of relative sea level to the combined effect of subsidence and eustacy; 
both of which control the accommodation potential of the sediments and the distribution of 
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facies within the system tracts. Syvitski  et al. (2009) also attributes changes in sea levels to the 
sedimentary volume of deltas through natural compaction, accelerated compaction and 
aggradation. Sea Level rise also causes loss of sediments and coastal erosion (Allersma and 
Tilmans, 1993). 
2.8.3 Land Subsidence                                                                                                                                      
Subsidence is defined as the sinking of a portion of the earth’s crust relatively to the surrounding 
parts (Moore, 1971). All deltas in the world are subject to subsidence caused by tectonic activity 
and by compaction of the deltaic sediments (Kravtsova et al. 2008; Mikhailov, 1998). Down-
warping of the continental margin according to Allersma and Tilmans (1993) leads to the 
subsidence of the West African coast, except in the volcanically active area in West Cameroon. 
However, the rate of subsidence in the Niger Delta averages at 2.5 to 12.5 centimeters per year 
(Kravtsova et al. 2008; Abam, 2001; Ibe, 1996, 1993, 1988; Fubara, 1986). This higher rate has 
also been linked to oil, gas and groundwater withdrawals (Abam, 2001; Ibe, 1993, 1996).  Abam 
(2001) further explains that no authoritative subsidence measurements have yet been carried out 
in the Niger Delta. These processes result in groundwater rise in some areas of the delta and 
expansion of maritime areas (Kravtsova et al. 2008).                                                                                                                                                                                                                                                                                                         
2.8.4 Rising water tables                                                                                                                      
Various studies by authors such as Okagbue (1989) and Abam (2001) indicate the potentials of 
sea-level rise igniting a rise in coastal groundwater tables. The distance inland that a water table 
will be affected by sea-level rise depends on a range of factors, including elevation and surface 
permeability (Feenstra et al. 1998). In the Niger delta, rising water tables has been reported as far 
as several tens of kilometers inland (Abam, 2000). Studies by Okagbue (1989), Abam (2001) have 
elucidated the potential for saltwater intrusion in ground water as well as impacts on 
foundations, drainage systems, and underground services hence setting the stage to assess rising 
water tables holistically.  
This impact has been reported as occurring across parts of the Niger Delta, especially the urban 
areas. Also rising water tables has been associated with land inundation and flooding in certain 
parts of the world including the Niger Delta (See Okagbue, 1989). Otherwise known as 
groundwater flooding, it was defined as flooding caused by the emergence of water originating 
from subsurface permeable strata (Cobby et al. 2009). Also, earthquakes has been recorded as 
causing well water levels to rise, even beyond the earthquake event border as was the case of the 
Alaska, North America in 1964 that caused well water levels to jump abruptly in South Africa 
(Readers Digest, 1992). 
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2.8.5 Coastal erosion and flooding frequency                                                                                                                                                                                                                                                  
Coastal erosion is a global problem; at least 70% of sandy beaches around the world are 
recessional (Bird, 1985). The three possible causes are Sea Level rise (SLR), change of storm 
climate, and human interference. Out of the three, SLR remains the most plausible cause 
(Leatherman, 1991) as there are no indications of significant increase in storminess in the 20th 
century (Zhang et al. 1997; WASA Group, 1998; Zhang et al. 2000). Also, human interference is 
neither worldwide in extent nor uniform regionally (Zhang et al. 2004). River bank failure and 
recession of up to 2 to 3 m occur annually in the Niger Delta and continue to pose enormous 
threat to communities along the river banks (Okagbue, 1989).Erosion represents the physical 
removal of sediment by wave and current action (Feenstra et al.). Erosion in the Niger Delta has 
a gross consequence that is estimated loss of 400ha land annually (Abam, 1995). With the 
present trend, about 40% of the current inhabited land in the delta will be lost within 30 years 
(Moffat and Lindén, 1995). In the mangrove swamp forest areas, diurnal tidal movements result 
in floods exacerbated by rising sea levels, coastal erosion and land subsidence.  Figures 2.7 -2.9 
shows recent flood events in the study area. 
 
Figure  2-7: Flooding in parts of the Niger Delta by the Niger River in September 2012 
(Source: Author)                                                                                                                      
Because riverbank levees are the most populated areas and are intensively cultivated, riverbank 
erosion results in the loss of some of the most valuable land in the delta (Ibe and Awosika, 1989). 
Coastal erosion along the entire Nigeria’s coastline, of which the delta comprises 30%, was 
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expected to cost approximately USD150 million annually at 1990 rate (World Bank, 1990) as no 
updated rates is available.  A dynamic equilibrium between flooding, erosion, and sediment 
deposition is the defining characteristic of the delta ecosystem (Moffat and Lindén, 1995). 
 
Figure  2-8: Flooding in Calabar in April, 2011 (Source: Author) 
 
Figure  2-9: Flooding in other parts of the Niger Delta by the Niger River in Sept.2012. 
(Source: Author) 
2.8.6 Land Inundation                                                                                                                          
Inundation is the permanent submergence of low-lying land (Feenstra et al.1998). For the study 
area, Okagbue (1989) insists that vast areas of the delta will continue to be largely inundated 
(especially the southern and eastern parts) unless embankments are constructed along some of 
the rivers and their tributaries. The primary mechanism at any location depends on the 
geomorphology of the coast. Low-lying coastal areas such as deltas, coastal wetlands, and coral 
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atolls may face inundation as a result of sea-level rise. Land loss resulting from inundation is 
simply a function of slope: the lower the slope, the greater the land loss. When the flood waters 
recede, the channels that spread out across the delta leave swamps and pools that drain poorly.     
2.9 Municipal and Institutional Issues                                                                         
Water resources management is basically the function of governmental institutions, especially 
those so designated, though civil society and the private sector also play a role. Municipal 
services in context here are those concerned with urban water supply and services. It is 
underscored that State Water Agencies (SWAs) i.e. water boards or water corporations  such as 
Rivers State Water Board, Imo State Water Corporation, Cross River State Water Board  Ltd and 
the Bayelsa State Water Board etc. that were created in the 1970s (except BSWC that was created 
in 1992) in Nigeria. They are to provide drinking water services to urban, semi-urban, and in 
some cases, rural areas. The standard drinking water quality standard for Nigeria is attached as 
annex table 6.0. Each SWA has, in general, been established under an edict to develop and 
manage water supply facilities within its respective state and to meet sound financial objectives. 
The SWAs are responsible to their state governments, generally through a State Ministry of 
Water Resources (SMWR) though in some cases under alternative arrangements. However, the 
World Bank (2000, 2003 and 2005) notes that the operational efficiency of the State Water 
Agencies (SWAs) is unacceptably low, and identified a number of challenges currently facing 
them. Some of these include:                                                                                                                               
1) Absence of basic statistics on their operations or lack of reliable information systems 
2) Non-Revenue Water (NRW) is very high (up to 63% reported for 2000). 
3) The absence of metering of production and distribution 
4) Insufficient financial resources  
5) Poorly motivated staff  
6) Highly politicized tariff setting regime  
7) Aging pipes  
8) Frequent leaks  
9) Unreliable and unstable supply of electrical energy or fuel, and treatment chemicals  
10) Water treatment works in poor condition etc. 
A summary of the performance indicators of the case study utilities is as shown on table 2.9: 
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Table  2.9: Summary of Performance indicators  
 Imo State 
Water 
Corporation  
Cross River 
State Water 
Board Ltd 
River State 
Water 
Board Ltd 
Bayelsa 
State 
Water 
Board 
 
Performance Indicators     Ideal/Acce
ptable 
 
Accounted for water (%) 
 
 
20 
 
71 
 
15 
 
- 
 
100 
 
Estimate of city population 
 
 
1,649,574 
 
1,215,054 
 
2,183,460 
 
715,896 
 
100 
 
Effective coverage of city ( i.e. No 
of domestic connections ÷ No of 
households x 100) 
 
 
21 
 
39 
 
10 
 
30 
 
100 
 
Number of Staff per 1000 
connections 
 
 
50 
 
 
20 
 
229 
 
30 
 
<10 
 
Bill Collection Efficiency (%) 
 
 
20 
 
90 
 
80 
 
NA 
 
100 
 
Billing lag time 
 
 
180 
 
60 
 
190 
 
NA 
 
90 days 
 
Piped water produced  per day 
(m3/day) 
 
 
25,000 
 
33,918 
 
12,600 
 
10,000 
 
- 
 
Working ratio (i.e. O&M ÷ 
Revenue) 
 
 
1.81 
 
1.12 
 
1.55 
 
NA 
 
0.5 
Data contained in the table were based on estimates by the utilities. Data could not be verified except for CRSWB where data 
was extracted from the Business Plan; other utilities’ data were based on what the utilities provided via mail and oral 
communication. NA = Not Applicable. 
2.10 Imo State Water Corporation (ISWC)                                                                                             
2.10.1 Background and Management Structure  
The ISWC is an Imo State Government of Nigeria wholly owned Government Company. It was 
originally known as the Imo State Water Board (ISWB) but later corporatized. It has a board of 
directors who ordinarily are required to act as a buffer and a bridge between the Imo State 
government and the utility management. Members of the board of directors are wholly 
appointed by the Imo State Government and on its behalf supervise the Imo State Water 
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Corporation. The board of directors comprises of a Chairman and Members from the three 
zones of the State (namely, Owerri, Okigwe and Orlu zones) with the Commissioner of Ministry 
of Public Utilities and Rural Dev. and the General Manager. A General Manager/Chief 
Executive Officer also appointed by the state government is responsible for the day-to-day 
operations of ISWC. A management team comprising of assistant general managers and other 
Professionals work with the General Manager.  
ISWC was established at the creation of Imo State in 1976.  In 1977, ISWC was gazette by the 
Federal Republic of Nigeria vide Notice No. 1449 (FGN Gazette No. 55 Vol.64 of 20/1277) 
and Imo State Establishment Circular No. 7/88/27 of 14/4/78. Its present enabling law is Edict 
No. 35 of 1995 and Law No. 3 of 2001 for water rate.  The ISWC management is structured into 
six major Departments, each headed by the most senior officer or Management Staff in the 
Department viz: 
• Administration Services Department 
• Commercial Services Department 
• Water Services Department 
• Engineering Services Department 
• Accounts Department 
• Planning, Research and Statistics Department. 
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Table  2.10: Brief profile of Owerri  
Owerri is the capital city of Imo State. The geographical area of Imo State is located in the South Eastern 
zone of Nigeria, lying within latitude 4o 45I and 6o 15I North and longitude 60o30I and 8o9I East. The city 
lies within an enlarged area that has a landmark of two rivers, both of which lie in valleys with moderate 
slopes - the Nworie River (flowing from the North) and the Otamiri River (flowing from the North-East) 
joining together, and continuing to flow to the South-Westerly direction where it joins the Imo River 
which subsequently flows into the Atlantic Ocean – a distance of approximately 200km. The mean 
monthly minimum temperatures are between 18 and 23oC (Ibe et al. 2001). The relatively humidity is 
between 60 and 80%, while there is very high mean monthly cloud coverage.  Owerri lies entirely within 
the coastal plain sands (Benin Formation) which have a thickness of about 800 m (Ibe and Njemanze, 
1999). Owerri is the only principal Niger Delta city located in the northern Niger Delta. Authors such as 
Oteze (1981), Egboka and Uma (1985), Okagbue (1989), Amajor (1991), and, Ibe and Njemanze (1999) 
have identified the northern Niger Delta as the primary recharge point of the Niger Delta aquifer system. 
The Studies by Egboka and Uma (1985) shows that the Otamiri River has a maximum average flow of 
10.7m3/s in the rainy season (September – October) and a minimum average flow of about 3.4m3/s in the 
dry season (November – February). The total annual discharge of the Otamiri is about 1.7 x 108m3/s, and 
22 per cent of this (3.74 x 107m3) comes from direct runoff from rainwater and constitute the safe yield 
of the river. The depth to water varies from 15 to 35 m in Urban Owerri. The aquifers have reasonable 
thickness and are termed proliferous (Ibe et al. 1992). The water needs of Owerri were estimated at 11.4 
million m3 per day for year 2000 and this volume of water were to be supplied by the surface and 
groundwater system conjunctively (Ibe and Njemanze, 1999). The population of Imo State is estimated at 
3.9 million with about 1.6 million people living in the Owerri area of the state (NPC, 2009). The annual 
growth rate of the population is put at 3% (NPC, 2009). This is equivalent to a population density of over 
400 persons per km2.  Owerri is geographically flat and low-lying with an altitude of less than 50 meters.It 
is characterized by an average annual rainfall of 2,250mm (Ibe et al. 2001), with a coefficient of surface 
runoff of over 0.20, and highest rainfall usually recorded between April- July (Eze, 2000). It also has a 
sub-equatorial south climate (Grove, 1951).Owerri is predominantly an urban community. Owerri city 
centre principally falls within the political and administrative jurisdiction of Owerri Municipal council; the 
other councils run the fringes of the city. However being the seat of the government of Imo State, certain 
other government agencies also have specific roles to play in the city. For example, the Owerri Capital 
Development Authority (OCDA) is a state government agency that oversees the physical infrastructural 
and town planning concerns of the city, especially land allocation, use of public places, buildings and 
estates etc. (OCDA, 2009). The land use map of Owerri urban is as shown below as figure 2.10 
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Figure  2-10: Land use map of Owerri Urban area (Source: Ibe and Njemanze, 1999) 
 
2.10.2 Strategic functions                                                                                                                                   
The Imo State Water Corporation (ISWC) has the mandate to supply water to the urban and 
semi-urban areas of Imo State, especially Owerri. The ISWC is the primary State Agency charged 
with the establishment and control of all water works in Imo State. These include the design, 
provision, distribution, control and conservation of water resources for public, domestic 
commercial and industrial purposes in both urban and semi- urban areas of the State. It is 
mandated to sell water, charge and collect water bills, the rate of which is fixed by government. It 
can also appoint and license other bodies/persons to supply water. ISWC is empowered by the 
edict setting it up to among other things; 
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• To plan and develop water resources for the purpose of water supply for domestic, 
public, industrial and commercial uses. 
• To operate and maintain the water supply systems. 
• To collect revenue from consumers. 
2.10.3 ISWB water schemes and their status 
ISWC has a total of 25 water schemes in the entire state (ISWC, 2010), with eleven of these sited 
in the Owerri city area (ISWC, 2010). Ten of these Owerri schemes were built to complement 
the giant Owerri regional scheme that taps water from the Otamiri River. According to (Eze et al. 
2000) the combined design capacity of the Otamiri River scheme is 4,000m3/hour, but the actual 
output as at the year 2000 was 1,716m3/hour or a performance rate of 24.52% based on the 
original capacity. The scheme uses an integrated water treatment system that comprises of 
primary and secondary treatment processes.  
This comprises of a low lift pumping station, aerators, flocculation chambers, sedimentation 
tanks, filtration systems, and clear water well, high lift pumping station, chemical dosing and a 
reservoir etc. with trained personnel manning the system on a 24 hour basis. However, this water 
treatment system currently is at the center of ISWC technical need for rehabilitation as shown in 
Annex Table 2.3. Apart from the Owerri regional scheme, the Imo State Water Corporation has 
water schemes that tap water from different sources. Some of them are built on surface intake 
systems while others were based on a battery of boreholes. These regional water schemes as 
shown in Table 2.11 are water schemes designed and constructed to serve some parts of the 
three zones of the State.   
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Table  2.11: ISWC Regional Water Schemes 
Regional Water 
Scheme 
Description Extent of 
pipe 
distribution 
network 
Owerri 
Regional Water 
Scheme 
 
This is a surface water scheme built across Otamiri River.  It 
serves Owerri city area within a radius of 10km from the city 
center.  It delivers pure and potable water to the numerous 
consumers through pipe network. 
260km 
Okigwe 
Regional Water 
Scheme                                                 
This is built with its intake station across the Imo River at 
Umuna in Onuimo L.G.A.  It has its intermediate booster 
station near the Okigwe Express way Okigwe and the 
distribution system at Old Okigwe water scheme head-
works.  It also serves the customers through a pipe network. 
300km 
Orlu  Regional 
Water Scheme 
 
This is the water scheme which serves Orlu town and its 
environs.  Its head works is at Owerre-Ebiri near Umuowa, 
Orlu.  The scheme is based on a battery of bore holes.  This 
scheme also has a support scheme at Eluama source on the 
Orlu NEW-WELT Field. 
 
Unknown 
Source: ISWC GM report, (2010). 
 
2.10.4 Features of ISWC functional water scheme in Owerri                                                                                 
The Otamiri regional water scheme which was built in 1970 is the principal water scheme for 
Owerri. It has a combined design capacity of 4,000m3/hour and pipe distribution network 
measuring about 260km (ISWC, 2010). Many of ISWC infrastructures associated with the 
Otamiri regional scheme are over-aged hence service coverage is low, while unaccounted-for- 
water is well over 50%. Also, illegal connections is rife, metering is none existent while low tariffs, 
poor billing and abysmal revenue collection is Common - place. Other issues are the non- 
metering of deployable output from water source and the produced water etc.  However, over 
the past 10 – 25 years new supporting schemes that are dependent on ground water sources have 
been built to complement it. None of these ground water dependent schemes has a treatment 
system attached to it. These are shown in Table 2.12 
 
 
 
50 
 
 
Table  2.12: Features of functional water scheme in Owerri:                                                                                 
Scheme  
Number of Pumps 
 
Pump design capacity 
(m3/hr.) 
 
Estimated daily 
production (m3) 
 
Emekuku Water 
Scheme 
 
No longer in operation 
 
NA 
 
NA 
 
New Egbu Water 
Scheme 
 
1 
 
80 
 
640 
 
Umuoba-Uratta Water 
Scheme 
 
1 
 
70 
 
560 
 
Egbeada Water 
Scheme 
 
1 
 
220 
 
1760 
 
Ubomiri Water 
Scheme 
 
1 
 
80 
 
480 
 
Orji Water Scheme  
2 
 
80 
 
2560 
 
MOW&T Water 
scheme 
 
1 
 
80 
 
UNKNOWN 
 
Orji booster station 
water scheme 
 
2 
 
80 
 
UNKNOWN 
 
Government House 
water scheme 
 
2 
 
40 
 
1920 
 
Owerri regional 
booster station 
 
2 
 
880 
 
70,400 
 
Source: Author based on records provided by scheme engineers’ in-charge                                                
 
2.10.5 Utility Financials at a glance                                                                                 
Billing is based on estimated consumption i.e. speculative. An obvious consequence of this 
challenge is shrinking utility revenue as set tariff, commonly collected via estimates (fixed and 
block types etc.), are not sufficient to fund utility operations, compelling the ISWC to perpetually 
rely on the utility owners; the Imo State Government to subsidize a significant portion of its 
operation and services. For example, the ISWC (2010) argues that ISWC fully relies on the state 
government to fund the purchase of water treatment chemicals such as chlorine and other 
reagents used in the ISWC water laboratory. Even without these chemicals the utility had on 
some occasion’s pumped untreated water. A financial detail of the utility is as shown on Table 
2.13. 
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Table  2.13: Financials at a glance – ISWC 
Currency 
Naira 
2013 (estimate) 2012 (estimate) 2011 (actual) 2010 (actual) 2009 
(actual) 
Earned income from 
tariff 
67,900,000 46,705,900 9,610,011 1,411,210 2,068,200 
Grants/loans received 
(foreign and local) 
150,000,000 150,000,000  
- 
 
- 
 
- 
Government 
subvention and 
payments 
5,000,000 5,000,000 12,500,000 6,000,000 5,000,000 
Number of connected 
customers 
100,000 25,000 1902 1902 1806 
Number of full time 
paid staffs 
100 150 207 207 197 
Number of casual 
staffs 
10 10 76 76 70 
Number of staffs who 
are graduates 
80 60 45 30 30 
Number of staffs who 
are women 
40 20 15 12 5 
Source: ISWC (2010) 
2.10.6 Utility Challenges and problems                                                                                                        
According to the ISWC (2010) the attainment of utility commercial objectives has been at a snail 
pace because problems such as erratic power supply, phase failure and low voltages in public 
power supply system which remains the major source of power for all the water schemes has 
been dominant hence resulting to the frequent use of the installed stand- by generator which 
consequently results in excessively high operating costs. In view of the generally degenerating 
condition of the ISWC water schemes, population expansion and its consequential growing 
demand for more water has led to a rapidly expanding gap in urban water supplies. The water 
distribution systems of ISWC comprise of Asbestos Cement Pipes (ACP), which are generally 
old and poorly maintained. Other challenges are as stated in Table 2.14. 
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Table  2.14: Summary of persisting problems at ISWC 
Problems related 
to 
Description of problem Nature of 
occurrence 
Water source  Such as shallow water levels in Otamiri river intake. 
Watershed degradation etc. 
Seasonal 
Excessive 
leakages in the 
distribution 
systems 
- Badly corroded steel water tanks or severely cracked 
concrete reservoir. 
- Burst pipes due to weak and averaged AC pipes 
subjected to high pressure along the pipeline. 
- Damage on the distribution network through 
uncoordinated and unauthorized activities along the 
pipeline. 
- Improperly connected joints along the systems by 
unauthorized and unsupervised persons. 
- Faulty valves and worn out taps from public stand posts 
and domestic users. 
 
 
In-situ/Frequent 
Unstable power 
supply. 
 
Often caused by erratic power supply from the public 
power utility (The Power Holding Company of Nigeria 
(PHCN). 
Others include; lack of fuel and lubricants (diesel) to 
power generating sets when PHCN fails; faulty generator 
batteries or starters and faulty pumps. 
 
 
In-situ/frequent 
Acts of vandalism 
of the water 
scheme facilities 
and sharp 
practices by staff 
Such as destruction of assets, theft and illegal connections Regular 
Inadequately 
trained manpower, 
lack of essential 
working tools and 
poor logistics and 
supply 
management 
 
 
Lack of know-how on customer relations and other areas 
of utility management, climate, meteorological issues, use 
of computer soft-wares including GIS and remote sensing 
gadgets etc. 
 
In-situ 
Source: Author’s adaptation from ISWC, GM Report (2010) 
 
2.11 Rivers State Water Board   
2.11.1 Background and Management Structure                                                                                                                         
The Rivers State Water Board (RSWB) was created in accordance the Rivers State Government 
of Nigeria Water Board Law cap 138, of 1991. The RSWB does not have any board of directors. 
On top of the utility’s organogram is the Rivers State of Nigeria Honourable Commissioner for 
Water Resources and Rural Development. The General Manager of RSWB is the Chief 
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Executive Officer, and reports directly to the Hon. Commissioner. The General Manager is the 
head of RSWB management board that runs its day to day operations. This management board 
operates under nine (9) departments with each of the department heads reporting directly to 
General Manager. That is the General Manager supervises the departments and then reports to 
the state government.  
Currently data on effective coverage of city, number of staffs per 1000 connections, piped water 
produced per day (m3/day), working ratio, and Non- Revenue Water as shown on table 2.9 in 
section 2.9 are all based on raw estimates with little or no empirical leverage. However, available 
data released in a consultant report reveals that the city would need about 295km of pipe 
network if its water demands are to be effectively bridged. Also, the Human Resource expertise 
available in the utility is lopsided with only 10% of the over 200 staffs of the utility being 
university graduates, and a whopping 50% of the utility having put an average 25 years of service 
to the water utility. Also, another 60% of this staffs are mere administrative workers hence 
underscoring need for the recruitment of highly skilled and well-motivated staffs. As at the time 
of this study in Port Harcourt in April 2011, RSWB currently had no board of directors. 
According to the GPHC (2009) the RSWB nine departments consist of: - 
1) Administration   
2) Finance and Supply   
3) Commercial  
4) Electrical  
5) Civil  
6) Mechanical  
7) Quality Control  
8) Planning and Procurement Planning,  
9) Research and Statistics 
 
 
 
 
54 
 
Table  2.15: Brief profile of Port Harcourt 
Rivers State was created on 27 May 1967 out of the Eastern Region of Nigeria. Port Harcourt is the 
capital city of Rivers State. According to Tam David- West (Newspaper Interview, 2009), Port 
Harcourt was founded in 1914 and named after Sir Harcourt, a British administrator of the area 
during the British colonial rule.  The cosmopolitan nature of Port Harcourt and diversity of its 
residents was described thus: ‘‘Port Harcourt was the first city in Nigeria that was built from the drawing 
board. From day one, Port Harcourt was an omnibus city, with Igbos, Yorubas, Hausas, Okrika, Kalabari, Efik 
and even foreigners fully represented and living here as “Pitakwa people”, and the main street language here 
was Pidgin English’’.  - Tam David West (University Professor and Former Petroleum Minister, 
Nigeria) (an extract from Vanguard Newspaper, 11 December, 2009). The wealth of the state is 
encapsulated thus:  “Many of you are probably aware that Rivers State is the second largest economy in Nigeria 
after Lagos State. As of 2007, it had a total GDP of US$21 billion (equivalent of US$3,960 per capita). It is 
important to reflect on this briefly. This is equivalent to $3,960 per capita and compares to the GDP per capita of 
such middle-income countries as South Africa ($3,562); Botswana ($4,511), and Mauritius ($4,522). “The figure 
– which is well above the African average of $823 – also compares favorably with per capita GDP of Brazil 
($5,860), Malaysia ($6,420) – countries that are classified as upper middle-income. Using the 2008 World 
Development Indicators, Rivers State would have been ranked among the top 100 economies in the world’’  - Dr. 
Oby Ezekwesili President, African Region of the World Bank and former Director General, Due 
Process Office, Abuja, Nigeria, 2009 (an extract from ThisDay Newspaper, 25 August, 2009). Port 
Harcourt is predominantly an urban community with a population of about 2 million people. Port 
Harcourt city occupies about half of the center of southern Niger Delta. Unlike the northern Niger 
Delta where aquifer recharge principally occurs, the southern Niger Delta is generally water-logged 
and discharges groundwater along the coastline. Aquifers present in the central and coastal 
(southern) parts, are usually in the form of thin, lenticular and discontinuous sands located at great 
depths under thick clay deposits (alluvium) Okagbue (1989). Often these clay deposits are 
irregularly distributed thus making aquifer depths and position difficult to predict except on 
individual site basis Okagbue (1989). The portable water requirements for this sprawling city are 
met by tapping the groundwater resources from the Benin formation. The Benin Formation is 
covered by laterized reddish brown sandy soil, which grades southerly to fresh dark grey organic 
rich sandy clay in the mangrove swamp zones (Amajor, 1991). Estimates of the water input from 
rainfall into the surface and groundwater systems is about 1.22 x 1012 m3/year, but  after 
evapotranspiration has taken into account (Hazel, 1962) as quoted by Oteze (1981). In the Port 
Harcourt area, especially near the coastline, recent alluvial deposits appear on the surface.  
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Figure  2-11: Schematic Map of Port Harcourt City (RSMLHUD, 2007) 
 
 
                                                                                                               
56 
 
2.11.2 Strategic functions                                                                                                                             
The functions of the RSWB consist of: 
1) Plan, control and manage all Water schemes in the Port Harcourt urban   
2) Establish, control, manage, extend and develop such water works as the corporation may 
consider necessary for the purpose of providing wholesome, potable water for 
consumption of the public and for domestic, trade, commercial, industrial, scientific and 
other uses in accordance with the Water Sector Development Plan (WSDP). 
3) Ensure that adequate wholesome water is supplied to its consumers in line with National 
Water Quality Standard for water quality. 
4) Determine and charge water rates in respect of the above subject to the approval of the 
Rivers State Water Services Regulatory Commission. 
5) Conduct or organize the conduct of research in respect to water supply, water 
development and matters connected therewith and submit the results of such research to 
the Ministry of Water Resources and Rural Development (MWRRD) for formulation of 
policy. 
6) Develop, maintain and beneficially exploit water resources, both natural and artificial. 
7) To produce Water Sector Development Plan (WSDP) for its areas of operation and 
submit same to the MWRRD for input into the State WSDP 
8) Manage waste water and sewerage services in its area of operation. 
2.11.3 RSWB Water Schemes and their status                                                                                                                  
All of these water schemes were built prior to year 2000 as no new capital investment in the 
sector is reported post 2000. It was observed that RSWB loses a lot of its water via leakages due 
to degraded pipe networks. About 95% of the water distribution mains/network in Port 
Harcourt is corroded and leaking. These pipes made of asbestos cement (ACP) covers 128km 
within the city with only a mere 20km reported to still be of good quality by utility staffs. RSWB 
insists it needs about 295km of new pipe network to serve the new Port Harcourt area. These 
schemes are described in Table 2.16.  
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Table  2.16: Description and status of RSWC water schemes  
Station Description Status 
Rumuola Rumuola Station was designed to be the main water works supplying bulk 
water to all parts of Port Harcourt Metropolis. Designed originally to 
produce 3,300m³/h.  
40% 
 
Diobu This is a booster station, receiving bulk of the water produced by 
Rumuola Pumping Station and storing it in underground reservoirs with a 
total capacity of 19000m³. The water is thereafter distributed using 
booster pumps and high level concrete tanks at Diobu and D/line areas, 
and also to the funnel tank at Moscow Pumping Station for onward 
distribution to Old Port Harcourt Township. 
35% 
Moscow Designed to get some of its water from Rumuola Station through Diobu 
to Moscow. The station also has the ability to generate water through a 
battery of boreholes located in its premises. 
40% 
Borokiri Designed to produce water with one borehole and distribute same to the 
people without treatment. 
40% 
Ernest Ikoli Designed to produce water with one borehole and distribute same to the 
people without treatment. 
15% 
Olumeni Designed to generate water through one borehole and distribute same to 
the people without treatment. 
15% 
Trans-Amadi Designed to produce treated water from Rumuola Water Works through 
a transmission pipeline (450mm Ǿ) which runs through Aba Road up to 
St John’s campus of College of Education and diverts parallel to the rail 
line and terminates into the ground level concrete reservoir in the station. 
Non-functional 
Rumuokwurusi Designed to produce water with two boreholes and distribute same to the 
people without treatment. The well has a very poor yield. 
25% 
Abuloma Designed to generate water through one borehole and distribute same to 
the people without treatment. 
10% 
Elelenwo Designed to generate water through one borehole and distribute same to 
the people without treatment. The former Administration through special 
projects office considered its upgrading through contract award. The 
contractor has not been able to deliver up to date. 
Non-functional 
Woji The scheme was awarded by the Military Administration of Col. Shehu 
Musa but was abandoned by the contractor handling the project. 
Non Functional 
Eagle Island Designed to cater for the inhabitants of Eagle Island, had to be linked to 
the municipal water supply system along Ikwerre road.  
35% 
Source: GPHCCR (2009) 
 
2.11.4 Features of RSWB functional water schemes                                                                                          
RSWB has assets that include 12 water schemes in Port Harcourt city including a monitoring 
well at Borokiri and a water treatment plant in about 50% of them, all of which are ground water 
dependent with overhead storage tanks in distribution centres (e.g. Diobu station). The principal 
scheme at Rumuola has a total of 11 boreholes, each supplying 300m3 of water per hour. Also, 
limited data availability remains a huge challenge to utility reform. Though all the water schemes 
shown in table 2.16 rely on underground water sources, no stated strategy is known for either 
protecting or recharging the underlying aquifer. Also, there are no sampling records or protocols 
known to utility staffs for the monitoring well. The monitoring well was designed as a risk 
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management strategy for natural hazards such as salt water intrusion into the city freshwater 
aquifers. However, of all the schemes in PH, the characteristics of the top most functional 7 are 
as shown on Table 2.17: 
Table  2.17: Features of top 7 RSWC water schemes 
Scheme/ 
Scheme 
characteristics 
Rumuola Moscow 
Road 
Eagle 
Island 
Diobu  Trans 
Amadi 
Rumuokwu
rusi 
Ernest 
Ikoli 
No of Pumps 
 
11 4 2 Nil 4 1 1 
Pump Design 
Capacity 
(m3/hr) 
 
300 75 906 - 75 75 75 
Depreciated 
pumping rate 
(m3/hr) 
 
240 - 75.6 - 65 65 65 
Average Daily 
Pumping 
Time (hrs) 
 
16 24 12 - 24 8 8 
Estimated 
Daily 
Production 
(m3) 
 
11,520 1,800 907.2 - 1,560 520 520 
Population 
being served  
 
13,600 52,000 5,140 48,000 5,200 2,200 850 
Projected 
Average 
Consumption 
(l/c/d) 
 
100 100 100  100 100 100 
Capacity of 
treatment 
plant (if any) 
2,700 300 150 19,000    
Remarks    Booster 
Station 
   
Source: Provided by RSWB GM 
2.11.5 Utility financials at a glance                                                                                                     
Table 2.18 appraises the financial position of the utility looking at actual financial positions for 
years 2011, 2010 and 2009 while those of 2013 and 2012 are estimates. Currently, in Port 
Harcourt water use is neither metered but relies on flat rate billing with abysmal collection 
efficiency.  RSWB depends wholly on the State government, which subsidizes its services 100% 
for funds to operate and maintain its services including payment of salaries. Also, data depicted 
on Table 2.18 were provided by the RSWB management and could not be verified from other 
sources. However, it further expands the opportunity for reform based on the extant 
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opportunities of expanding customer base, utility assets, government subsidies and revenue 
generation potentials amongst others. 
Table  2.18: Financials at a glance – RSWB 
Currency 
Naira 
2013 
(estimate) 
2012 (estimate) 2011 (actual) 2010 (actual) 2009 
(actual) 
Earned income from 
tariff 
 
266,458,722 
 
150,750,000 
 
4,695,000 
 
291,442,468.00 
 
7,057,800 
Government 
subvention and 
payments 
 
8,000,000.00 
 
8,000,000.00 
 
- 
 
506,794,605 
 
- 
Total Revenue 266,458,722 150,750,000 4,695,000 291,422,468 7,057,800 
Total Cost - 8,000,000.00 373,495,905.68 182,425,472.84 - 
Total Assets 11,071,583,661
.83 
5,071,583,661.83 5,040,083,661.83 5,002,731,000 NA 
Debt - 8,315,000 8,315,000 6,392,000 625,000 
Number of connected 
customers 
 
127,236 
 
15,000 
 
440 
 
310 
 
200 
Number of 
unconnected 
customers 
 
112,236 
 
14,560 
 
1,397 
 
4,300 
 
6,500 
Number of full time 
paid staffs 
 
289 
 
216 
 
229 
 
259 
 
291 
Number of casual 
staffs 
 
9 
 
5 
 
4 
 
4 
 
4 
Number of staffs who 
are graduates 
 
27 
 
22 
 
22 
 
26 
 
25 
Number of staffs who 
are women 
 
29 
 
19 
 
22 
 
26 
 
27 
Source: Provided by RSWB GM based on template provided by the study. 
2.11.6 Utility challenges and problems                                                                                                                                           
The River State water sector report (2011) in a nutshell identified the common institutional 
problems plaguing the utility as follows: 
• Under maintained infrastructure. 
• Decayed and decaying pipe network. 
• Production capacity and pipe network insufficient to meet current demand  
• Lack of clearly defined structure between the Ministry and the Water Board. 
• Poor funding and huge operation and maintenance costs. 
• Staff – insufficient technical staff, low motivation and performance of existing staff. 
• Utility not customer focused. 
• Insufficiency of internally generated revenue from tariffs. 
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2.12 Cross River State Water Board (CRSWB) Ltd, Calabar 
2.12.1 Background and Management Structure                                                                                                                  
The Cross State Water Board Ltd (CRSWB) was incorporated in 1998 (Akpama, 2007, 
CRSGWASH Policy, 2010). It evolved from the original Cross River State Water Board which 
was created via Edict No. 13 of 1975 (Akpama, 2007). The then Cross River State Water Board 
was part of the Eastern Nigerian Ministry of Works. The company is wholly-owned by the Cross 
River State Government. The incorporation of the company as a limited liability called for a total 
reorganization and restructuring to enable it to be run and managed as a commercial enterprise 
in order to enhance performance via cost recovery from the sale of water for its operation and 
maintenance cost etc. At the apex of the CRSWB Ltd structure is the Board of Directors headed 
by the Board Chairman (Akpama, 2007).  
The Board of Directors oversees the pursuit of the aims and objectives of the water board by its 
management. The organizational structure of CRSWBL is designed in such a way that at the top 
is the Board of Directors appointed by Cross River State Government. A  Managing Director, 
who reports to the Board of Directors, is next in order of authority and protocol. The Managing 
Director is a career civil servant, often from within the ranks of the CRSWB Ltd. The PPP 
operators (as partners to the CRSWB Ltd) report to the Managing Director. All the other 
departments of the corporation are manned by civil servants from CRSWBL and report to the 
Managing Director as well. The Managing Director of CRSWB in principle supervises the PPP 
operators and ensures that they deliver on performance agreements. The role and functions of 
parties to the partnership was defined and spelt out as follows as listed by the CRSWB (2007); 
2.12.1.1. Private Sector Partner (ORTECH Nigeria Limited): 
1) Undertake the PPP Management Contract for an initial period of 3-years and prepare the 
CRSWB for eventual transition to a full concession; 
2) Provide specialist personnel to manage the Operations of CRSWB: Production 
Transmission, Distribution, Billing, Revenue Collection, and Commercial operations; 
3) Provide reliable customer service and water coverage with optimal use of resources; 
4) Take all steps necessary to achieve the agreed Performance Objectives by maximizing 
water production and revenue generation; 
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5) Provide training and development opportunities for the CRSWBL staff assigned; 
6) Propose and recommend improvements and changes to the operational policies and 
procedures of CRSWBL; 
7) Propose and recommend adjustments to Tariff Schedules and other charges for water 
services. 
2.12.1.2. Public Sector Partner (CRSWBL and CRSG) 
1) Setting of Tariffs and consultation with the Private Partner for Tariff changes; 
2) Allow the Private Partner to manage the agreed functions of the CRSWB without 
interference; 
3) Management of Executive Division functions; 
4) Assign relevant assets to the Private Sector partner; 
5) Assign relevant CRSWBL personnel to the Private Partner; 
6) Payment of salaries of CRSWBL staff; 
7) Retain full ownership of all assets assigned to the private sector partner; 
8) Set conditions of employment for CRSWBL staff and disciplinary action. 
Table  2.19: Management functions of the CRSWB Ltd under the PPP 
Cross River State Water Board Limited (CRSWBL) Corporate Board Chairman and Directors 
CRSWBL Corporate Division 
(Public Sector) 
CRSWBL Managing Director 
CRSWBL Operations Division 
General Manager (Private Sector) reporting to 
CRSWBL Managing Director 
Functions : 
• Secretariat & Legal 
• Financial Accounts 
• Liaison with CRSG & Statutory Reporting 
• Corporate Affairs & Public Relations 
• AfDB Project Supervision (PIU) 
• Admin. & Personnel 
• Corporate Audit 
• Capital Expenditure 
Functions : 
• Operations Procurement / Purchasing 
• Water Production & Operations 
Maintenance 
• Distribution Network Operation 
• Marketing & Customer Services 
• Billing & Revenue Accounting & IT 
• Operations Admin. Personnel, Vehicles, etc. 
• Operations Stores & Inventory 
• PR & Media 
Source: CRSWB _ NUWSR Project Report (2007). 
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The day to day management of the utility is carried out by a management team that is composed 
of the following personnel; 
The Managing Director/Chief Executive Officer, and The heads of the five departments of the 
utility, namely, 
1) Personnel & Administration,                                                                                                       
2) Production,                                                                                                                                       
3) Planning, Research and Statistics,                                                                                                               
4) Accounts, and                                                                                                                                               
5) Operations.   
The major policy objectives focus of the management includes:                                                          
1) Improved water quality and quantity,                                                                                                   
2) Water supply reliability,                                                                                                                     
3) Aggressive revenue drive, and                                                                                                                    
4) Continuous expansion of water supply to meet increasing demands                                                
 
 
 
 
 
 
 
 
 
 
63 
 
Table  2.20: Brief profile of Calabar city 
Cross River State was originally part of the then Eastern Nigeria region, but was carved out of the region 
to become a separate entity in May 1967 (known as the South-Eastern State), and was further delineated 
and renamed Cross River State. However, the present Cross River State came into being on 23rd of 
September, 1987, when the then Federal Military Government of Nigeria carved out Akwa Ibom State 
from the former Cross River State (Akpama, 2007). The state is located within the tropical rain forest belt 
of Nigeria and shares common boundaries with the Republic of Cameroon in the East, Benue State in the 
North, Ebonyi and Abia States in West, Akwa Ibom State in the Southwest and the Atlantic Ocean in the 
south (Akpama, 2007). It has a total landmass of about 23,000 km2 (Akpama, 2007) and records heavy 
and regular rainfall in its central city of Calabar during the wet season (April – November), though rainfall 
is heavy across the state, but those in Calabar is much heavier. Its favourable climate of tropical humid, 
dry and wet seasons give rise to rich agricultural lands, thus encouraging both perennial and annual crop 
cultivation, with about about 75% of its people engage in subsistence farming (Akpama, 2007). The city 
of Calabar is the capital of Cross River State, Nigeria. A coastal city that lies on a peninsula formed by 
various creeks and Rivers especially, the Calabar River, the Great Kwa River, the Cross River estuary and 
the Atlantic Ocean. The coastal plain sands (Benin Formation) of the Niger Delta are dominant in most 
parts of Calabar, though covered by thick overburden near the coast of the Atlantic Ocean. The detailed 
geology of the area has been described by various authors. They include Murat (1972), Petters et al. 
(1995), Nyong (1995) and Ezeji (1997) for the Calabar Flank and the Niger Delta sedimentary basin, and 
Ekwueme (1990 and 1995) for the Oban Massif. Calabar has been classified by authors such as Offiong et 
al. (2009) as having a sub-equatorial type of climate; the temperature is moderately high and not 
fluctuating greatly. The maritime position of Calabar exercises considerable ameliorating influence on its 
climate. The mean temperature is about 25oC with a range of about 8oC. The annual rainfall exceeds 3000 
millimetres, most of which comes in the wet season from May to October. The relative humidity is high 
throughout the year, giving a mean annual figure of about 84%. The vegetation of the area is mainly that 
of mangrove swamp, the raffia swamp and cultivated vegetable gardens, numerous isolated stands of 
cultivated semi-wild oil palm and coconut palm trees (Udo, 1975 as quoted by Offiong et al. (2009). 
Increase in population and urban expansion has altered land use and land cover and have ensued rapid 
conversion of vegetated pervious cover to paved and impervious covers. Responsible for this state of 
affairs is agricultural, industrial and residential activities.  However, there are two major drainage systems 
in Calabar. These are the Calabar River system and the Great Quo river system. 
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Figure  2-12: Map of Cross River State showing Calabar Municipality (Offiong et al. 2009).                                                       
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2.12.2 Strategic functions                                                                                                                               
The functions of the Cross River State Water Board Ltd are as follows:                                                                                               
1) To control and manage all water works which have been or shall be vested in it in both 
urban and rural areas of the state for that purpose.                                                                                                   
2) To adopt with or without modifications of master plans prepared for the maintenance 
and development of water works and supply of water in the Cross River State.                                                                                                      
3) To establish, control, manage and extend existing water works and to establish and 
develop new water works for the purpose of providing water to meet the consumption 
requirements of the general public and the needs of agriculture, trade and industrial 
sectors in the state.                                             
4) To ensure regular and adequate supply of clean and qualitative potable water to 
consumers.                       
5) To engage in the conduct of comprehensive research programmes relating to its 
functions that would enhance its performance.                                                                                                                                
6) To produce, provide and where necessary market water in any form deemed fit.                                         
7) To dig wells and boreholes, create and improve springs and develop other sources of 
water supply.                                                                                                                                                               
8) To abstract water from any lake, river, stream or other natural sources                                                         
9) To conduct, reconstruct, maintain and operate water works and all other stations, 
building and works, necessary for the carrying into effect the provision and supply of 
water.                                               
10) To obtain all relevant licenses and permits incidental to the executive                                                         
11) To carry out surface or underground examination of water for purposes of determining 
the existence and extent of pollution and the immediate or remote cause of such 
pollution.                                 
12) To construct public fountains in any street or other public places.                                                               
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13) To enter into or upon any premises of tenement through which a pipe has been laid or 
which is supplied at reasonable times in the day between six o’clock in the morning and 
six o’clock in the evening –  
a) To inspect such services or meter  
b) To ascertain the extent of water wastage, leakage or obstruction or damage to any service 
or meter  
c) To ascertain the quality of water supplied or consumed  
d) To disconnect water supply to any tenement  
e) To diminish, withhold or divert water supply to any tenement through or by means of 
any service line or meter wholly or in part.  
f) To establish or acquire and carry on office outlets, reservoirs and depots in the Cross 
River State or elsewhere for wholesale or retail distribution of water and its bye-products 
amongst others. 
2.12.3 Status of Water Schemes                                                                                                        
CRSWB Ltd is reputed to have had one of the oldest schemes in the country established in 1890 
(CRSGWASH, 2010). Together with its other later day schemes, all have gone through a lot of 
rehabilitation over the years but increasing population has continued to make these schemes 
inadequate. As at the time of the study, all the CRSWB water schemes, except one, depend on 
surface intakes. The reliance on surface water sources as source of supplies is generally seen as an 
adaptation strategy. Prior to the construction of the new scheme, CRSWB initiated a five-year 
study in 1994 (which ran 1994 – 1999) to find out the nearest source of surface water that would 
not easily become vulnerable to or suffer salinity (CRSWB, 2007).  
Before then, salinity problems and excessive iron contamination problems persisted and were 
well beyond tolerable economic levels. The CRSWB(2007) also reports that as at then all the 
available groundwater boreholes generally had low water producing capacities, and that in order 
to produce more water, the utility would be requiring a large battery of boreholes to generate 
large volumes of water for its service areas especially urban Calabar. For instance, the then 
existing 11 boreholes produced a mere 25,000 cubic meters per day (CRSWB, 2007). The study 
found usable surface water at River Okoi which is 8km from Ediba, Calabar which was later 
67 
 
developed as a raw water source for CRSWB (CRSWB, 2007). The corporate headquarter of the 
CRSWBL houses one of the three ultra- modern treatment facilities. Others surface treatment 
facilities are also located at Akamkpa and Abi. These facilities produce the following quantities of 
water (CRSWB, 2007): 
a) Ediba produces 80,000 cubic meters per day which serves the three local government in 
Calabar and Odukpani local government area from River Okoi  
b) Akampa produces 10,000 cubic meters per day and serves Akampa, Awi and the 
surrounding local government from Calabar River  
c) Abi produces 50,000 cubic meters per day and serves Abi, Ugep, Yakurr and Biase local 
government areas from the Great Kwa River  
Another source of surface water to other schemes include: Obudu raw water from the Obudu 
Dam constructed by Cross River Basin Development Authority, and the Ogoja station from 
River Aya (CRSWB, 2007). In 2009 there were 9,000 service connections in three locations of 
the state, that across the state, including locations outside Calabar town (CRSWB, 2009). 
However, apart from the CRSWB, there are individual and private water supply channels 
through which many people access water. 
2.12.4 Features of functional water schemes                                                                                     
As part of its reform programme, CRSWB discarded all its old water reticulations system because 
they could not withstand the high pressure of the new treatment and pumping plant (CRSWB, 
2007) shows that. An entirely new and modern reticulation network based on feasibility study 
was constructed by the PPP operators. All customers are metered and billing is computerized or 
automated. Water kiosks were provided to serve those who cannot run pipes to their 
homes/offices. The water kiosks are also metered with a pre-paid facility. The kiosks are rented 
out to vendors with a refundable deposit of N50, 000.The staffs that work in the reticulation 
system are also CRSWB staff. The schemes are presently serving well over 10,000 customers 
(CRSWB, 2007). Additional loan facility of $50m was later secured from the World Bank to 
expand the CRSWB distribution network (Akpama, 2007). The target is to be able to service at 
least 40,000 customers by 2015 (CRSWB, 2009; Akpama, 2007). It is expected that this point 
would be the breakeven point of the whole investment, and at which stage the CRSWBL would 
start making profit and stop relying on government subsidy (CRSWBL Business Plan, 2009; 
CRSWB, 2007). Presently only the water schemes at Calabar, Akampka, Ugep/Ediba, which 
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were recently expanded/rehabilitated under the ADB funded project, are functional. These are 
shown on Table 2.21. 
Table  2.21: Water supply schemes in Calabar and surrounding towns 
Water Scheme Capacity 
 
Calabar New Plant 
80,000 cu. metres per day (80 million litres) 
Calabar ‘old’ plant (rehabilitation) Approximately 20,000 cubic metres per day 
 
Akampka 9,000 cubic metres per day 
 
Ugep/Ediba 46,000 cubic metres per day 
Total Primary Transmission & Distribution Mains : 
Approx. 350 km 
Water Kiosks : 380 kiosks in Calabar, Akampka, and Ugep-Ediba 
 
Source: Author’s adaptation from CRSWB _ NUWSR project report, (2007). 
                                                                                                                                                                 
2.12.5 Utility financials at a glance                                                                                                                                    
CRSWB Ltd is required to operate commercially- relying on revenues to fund its services, the 
utility due to its insufficient customer base customer connections is still dependent on state 
subsidies to keep running. This has been corroborated by Akpama (2007). According to CRSWB 
(2007), these subsidies are meant to cover its operations and maintenance costs, as well as its 
capital costs.  The CRS Government as at today still have the last say on the setting of CRSWB 
Ltd tariffs (Akpama, 2007). Though, tariffs are recommended by the utility, the Board of 
directors will need to approve and then send it to the state government for final assent. As at 
October 2010, the tariff was N120.00/m3 ($0.80) and in 2007 was N100.00/m3 etc. The utility 
also has water kiosks (Oral communication with a technical staff, 2011). Water supplied to kiosk 
operators is priced at N65.00/m3, and they in turn sell to low income consumers at N5.00 per 
container of 20 litres. This is often increased to N20.00 when kiosk operators use diesel power 
or generators (Akpama, 2007). A summary financial statement is shown on Table 2.22. 
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Table  2.22: Financials at a glance – CRSWB 
Currency 
Naira 
2013 
(estimate) 
2012 (estimate) 2011 (actual) 2010 (actual) 2009 
(actual) 
Earned income from 
tariff 
200,000,000 180,000,000 147,600,400 132,401,020 125,901,000 
Number of connected 
customers 
50,000 30,000 10,000 10,000 5,000 
Number of full time 
paid staffs 
100 200 290 290 290 
Number of casual 
staffs 
40 50 72 70 50 
Number of staffs who 
are graduates 
90 70 50 20 20 
Number of staffs who 
are women 
40 30 15 6 9 
Source: Extracted from CRSWB business plan 2009 -2010 
 
2.12.6 Utility challenges and problems                                                                                                                              
As the future looms, the under-capacity in power generation for the pumps at the River Okoi 
intake has also been noted by the utility. Though CRSWB does not see this as constituting any 
immediate problems, it however notes that it could threaten future water demand especially 
when full water production begins for the planned network densification i.e. the 40,000 ‘World 
Bank’ house connections project is completed by 2015. Also, towards getting set for the tasks 
ahead the utility retains enormous interests at recruiting and training additional staff for field 
duties particularly roles associated with meter reading, bill distribution, and service connections 
and  monitoring etc. Such personnel have been described as being vital because of the growing 
numbers of consumer connections. Although the current numbers of consumer connections is 
generally limited, plans are already on desk to increase it to above 40,000 with the completion of 
the Bank’s network densification project. For the future the utility insists that field resources are 
necessary and would be increased significantly especially, personnel, vehicles and equipment to 
facilitate the proposed densification work in Calabar. 
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Figure  2-13: Laying of new water pipes in Calabar 
 
2.13 Bayelsa State Water Board (BYSWB), Yenagoa          
2.13.1 Background and Management Structure                                                                                                     
The Bayelsa Water Board (BYSWB) is a statutory public corporation created to produce and 
supply water in urban and rural areas of Bayelsa State. The BYSWB was set up in 1996 following 
the creation of the state from the old Rivers State. Then, it was customary for new States in 
Nigeria upon inception to operate the Water Supply Unit under one of the key Ministries such as 
Ministry of Works, Ministry of Public Utilities or the Ministry of Water Resources; where any of 
those ministries existed. For BYSWB, its lot fell under the Bayelsa State Ministry of Works. The 
Bayelsa State Water Board was officially established by Edict 1999 and signed into law on 27th 
May 1999. The edict provides for a Board of Directors comprising a part time Chairman, the 
General Manager and 37 members drawn from government relevant ministries and the local 
government council areas.  
The edict requires the BYSWB to generate funds from its services to fund its operations. As a 
statutory public corporation created to produce and supply water in urban and rural areas across 
the state, the Water Board was expected to be autonomous and to generate adequate revenue to 
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fund its services. As a state parastatal under the supervising Ministry of Public Utilities and Rural 
Development, the supervising ministry neither gives it room for autonomy nor accountability, 
hence shrinking its efficiency and effectively in the delivery of its statutory roles of water supply. 
For example, what obtains is that it operates water schemes built by the Ministry of Public 
Utilities and Rural Development. The ministry raises bids and prepares contract documents with 
very limited or no input by the utility. According to Omoweh (2005), the Ministry, for instance, 
performs both policy-making functions and the executive duties. Without consultation with the 
BYSWB it awards all contracts for water schemes to various contractors. 
2.13.2 Strategic functions                                                                                                                                    
A statutory public corporation created to produce and supply water in urban and rural areas 
across the state. According to the General Manager (Personal Interview, 2011) the functions of 
the utility apart from supplying the public water is to maintain facilities and operate them. He 
said:  “Of course, we talk of maintenance; we have so many things to maintain. We maintain submersible pumps, 
surface pumps, we maintain filters, we maintain ground water and overhead tanks, generators and ancillary 
services; the distribution system.” 
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Table  2.23: Brief profile of Yenagoa 
Bayelsa State is widely criss-crossed by numerous rivers, most of which are distributaries of the River 
Niger. They include Ekole Dodo, Pennington, Middletown, San Bartholomew, Fresh town, Sangana, 
Nun, Brass, St. Nicholas, Santa Babara, and Rams. Yenagoa is a semi-urban coastal city with a population 
estimate of 715,896 as at 2010. This is a significant increase from 4,185 people as at 1953; 7,015 people as 
at 1963; 23,000 as at 1991 and 38,560 as at 1998. However, the expanding Yenagoa city suffers from 
overwhelming effects of rapid environmental degradation and accelerated flooding. The city has a 
territory which comprises of about 7,857 hectares of land which fall largely within a 5km city 
development area land radius. Aprioku (2004) argues that the overall terrain of the study area constitutes a 
problem to development because of natural barriers such as seasonal flooding, land inundation, wetlands 
and poorly drained soils of very low load bearing capacities as well as petroleum related artefacts (oil and 
gas conveying pipelines and wells.  
The difficulty of city terrain has had the consequence of shrinking development with only about 39% (or 
3,064 hectares) of the city capable of ever being developed at affordable cost, and out of which as at 2004 
only 1228ha or (40%) is currently undergoing development (Aprioku, 2004). The geology of Yenagoa is 
similar to that of Port Harcourt city. Both cities are located at the center of the southern Niger Delta with 
Yenagoa occupying a position in the left side of the center, while Port Harcourt city is located on the 
right-side of the center of southern Niger Delta. The southern Niger Delta is generally water-logged and 
discharges groundwater along the coastline.  This largely explains the difficulty of the terrain as described 
by Aprioku (2004). Ground water aquifers present in this area of the Niger Delta have been described 
(Okagbue, 1989) as usually being thin, lenticular and discontinuous sands located at great depths under 
thick clay deposits (alluvium). Also, and often these clay deposits are irregularly distributed, thus making 
aquifer depths and position difficult to predict except on individual site basis Okagbue (1989). The 
portable water requirements for this city tap the Benin formation. 
Authors such as Tokoni and Ikoli (1998) and Aprioku (2004) has described the city as being in the 
frontier of cultural conflicts, and situated in a cultural borderland. The city lies astride the confluence of 
the Ekole River and the dominant Epie creek around which it was founded. On its immediate borders on 
the Northeast is Opuama and on the North is Agudama-Epie. Narrow water bodies, bays or streams 
otherwise known as creeks are found on its west and south borders and these are the Epie creek and the 
Ekole creek respectively. The city could easily be refered to as a city of creeks. Beyond Opuama and 
Agudam-Epie, the city is yet again separated by a series of many other smaller creeks. BY-SEEDS (2004) 
argues that despite the fact that Bayelsa State is blessed with abundant water resources by virtue of its 
geographical location within and around a largely water domain, potable water is still a daily struggle.  
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Figure  2-14: Map of Yenagoa, Bayelsa State (NPC, 1996; Aprioku, 2004) 
2.13.3 Status of Water Schemes                                                                                                                                 
At creation in 1996, Bayelsa State was overwhelmed with several and uncoordinated water 
schemes which were scattered over the nooks and crannies of the new state. These schemes were 
inherited from the then Rivers State Government and other federal government agencies etc. By 
May 1999, the State Water Board rehabilitated some of those water schemes and provided a few 
mini-neighborhood water schemes in the eight local government areas of the state. Some of the 
schemes rehabilitated were the Yenagoa Waterworks and other schemes in the State capital, as 
well as other water facilities in other urban and semi-urban towns of the state covering the local 
government areas and some rural communities etc. NUWRP Report (2000) notes that prior to 
2000, the BYSWB had three functioning schemes namely; Yenagoa, Brass and Nembe. The 
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fourth scheme located at Amassoma was a stop gap measure pending the execution of a bigger 
scheme being planned to utilize surface water. Owing to total lack of pumping records, the 
quantity of water produced at each of the stations as shown in Table 2.24 was estimated (by 
utility personnel) on the bases of the average daily pumping period and the design capacity of the 
borehole pumps, making due allowance for depreciation. 
Table  2.24: Old water schemes of BYSWB 
Scheme/ Scheme 
characteristics 
Yenagoa Brass Nembe Amassoma 
No of Pumps 
 
2 1 1 1 
Pump Design 
Capacity (m3/hr) 
 
150 75 60 - 
Depreciated 
pumping rate 
(m3/hr) 
 
90 67.5 54 - 
Average Daily 
Pumping Time 
(hrs) 
 
16 18 12 - 
Estimated Daily 
Production (m3) 
 
2,880 1,215 648 - 
Projected 
Population to be 
served (Year 2000) 
 
61,370 67,099 31,442 - 
Projected Average 
Consumption 
(l/c/d) 
 
46.9 18.10 20.6 - 
Remarks No Proper pumping 
records 
No Proper pumping 
records 
No Proper pumping 
records 
New Scheme under 
Construction 
Source: NUWRP Report (2000) 
 
2.13.4 Features of functional water schemes                                                                                                       
NUWRP (2000, 2009) indicates that the Yenagoa water scheme (Table 2.25) is the oldest water 
scheme in the state. As at 2005 it produced an estimated 600,000 gallons in 18 hours per day.  
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Table  2.25:  Yenagoa Water Scheme:                                                                                        
Yenagoa Water Scheme 
Two boreholes are available at this station, which has a total output of 150m3/hr, pumping 16 
hours per day. Treatment includes aeration and filtration, neutralization and disinfection. 
Source 2 No. 200mm diameter, and 79.2m deep boreholes                                                       
2 Nos SP 75-6 Grundfos Submersible Pumps 
Treatment Comprises iron removal, lime dosing and chlorination. The equipment 
includes;                                                                                                           
3 No. Pressure filters                                                                                                                 
1 No. Scavenging Air system comprising                                                                                  
-2No Air blowers (Motor 7.5KW)                                                                                             
2 No. Aeration Compressors Concord S3-10-150 2.2KW)                                                         
2 No. Grundfos Backwash pumps (4.0KW)                                                                        
2No. Lime Dosing tanks                                                                                  
2No.0.55KW Dosing Pumps                                                                          
2No.Plastic Chlorine tanks                                                                                       
2No.0.075 KW Pumps 
Chemical Dosing                                                                                                    25 Kg Hydrated Lime per week                                                                
10Kg Granular Chlorine per week 
Storage 1 No.227m3 (temporarily in use) steel tank located in the Federal 
Medical Centre premises                                                                                                                                      
I No. 450m3 pressed steel tank 
Power The station is connected to the gas turbine at Imiringi which is the sole 
source of supply of electricity to the state capital. The gas turbine is 
complemented by a stand-by power source from a;                                                                                                           
I No.400KVA Perkins Engine and                                                                                                    
2 No 103 Cumin generators as stand-by 
Distribution The existing distribution system comprises 3.5Km of Asbestos Cement 
and PVC pipes within a diameter range of 800mm – 200mm. Service is 
mainly through 15 public stand pipes and approximately 200 service 
connections etc. 
 Source: NUWRP (2000) 
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Towards planning for the future, the Bayelsa State Government had in 2000 launched a water 
development programme which gave birth to about 70 water projects spread out all over the 
State. Within Yenagoa metropolis, the Ovom waterworks was upgraded to increase its supply 
capacity. While a medium-term plan which partly involved the construction of mini waterworks 
at Kpansia,Swali, Etegwe, Igbogene, Biogbolo and Edepie areas of Yenagoa city etc. were to be 
implemented, the long-term plan had involved the construction of the Yenagoa Main 
waterworks at Okaka/Ekeki, which was expected to meet the water demand of the State capital 
by 2015. Table 2.26 describes new water schemes in parts of Yenagoa.  
Table  2.26: New water schemes of BYSWB 
Scheme/Characteristics Swale Etegwe Okaka Ovom Kpansia Civil 
Servants 
Quarters 
Number of Pumps 6 2 4 4 2 1 
Pump design Capacity 
(m3/hr) 
150 150 150 150 150 300 
Average daily pumping 
time (hrs) 
12 12 8 8 20 20 
Estimated daily 
production (m3 ) or 
litres 
900,000 - - - 300,000 250,000 
Projected population to 
be served (Year 2015) 
200,000 60,000 140,000 150,000 50,000 20,000 
Source: Provided by BSWB project engineer at corporate office, Yenagoa (2012) 
 
2.13.5 Utility financials at a glance                                                                                                                                   
The General Manager of the utility lamented the huge challenge posed by high operation and 
maintenance costs, pointing out that the utility has been unable to meet the huge funding 
requirement to ensure the maintenance and operation of the facilities (Nigeria Compass, 2011). 
He explained that part of the need for more funds stems from the fact that many of the BYSWB 
water stations are run by generators that depend on diesel and that as such, a lot of money is 
expended on month by month bases for the purchase of diesel, petrol or gas which are regularly 
used to run the facilities (Nigeria Compass, 2011). As at 2011, water supply services in Bayelsa 
State are generally a social service (Bayelsa Reports, 2011). The BYSWB generally does not 
charge water user tariffs though it charges for only connection fees to enable in-house or home 
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connections (Bayelsa Reports, 2011). There are also free standing standpoints or outside taps, 
from where water users get free water (Bayelsa Reports, 2011).    
Table  2.27: Financials at a glance – BYSWB 
Currency 
Naira 
2013 
(estimate) 
2012 (estimate) 2011 (actual) 2010 
(actual) 
2009 (actual) 
Earned income from 
tariff 
25,000,000 10,000,000 3,600,100 1,200,500 2,100,000 
Government 
subvention and 
payments 
6,000,000 6,000,000 6,000,000 6,000,000 6,000,000 
- 
Number of connected 
customers 
25,000 10,000 5,992 5,710 4,000 
Number of full time 
paid staffs 
300 300 210 150 100 
Number of casual 
staffs 
60 60 65 50 50 
Number of staffs who 
are graduates 
120 100 56 60 50 
Number of staffs who 
are women 
50 35 19 9 9 
Source: Completed by BSWB project engineer based on template provided by the study. 
 
2.13.6 Utility challenges and Problems                                                                                                                           
According to the NUWRP Report (2009), the problems bedeviling water services of the BYSWB 
has been attributed to perennial lack of funds, intermittent electricity supply from public sources, 
shortage of spare parts, rising fuel or petrol and lubricant costs, shortage of skilled manpower, 
inadequate maintenance of machineries and infrastructure, lack of modern communication 
facilities, and sheer absence of community participation etc. Also, improper planning and 
construction of roads destroy utility pipes and also hamper water distribution system when there 
is no space between the roads and the buildings for utility pipes to pass (NUWRP, 2009).  
According to the General Manager, other challenges that need to be addressed for BYSWB to 
meet the urban water demand include immediate employment of qualified staff to maintain and 
operate the facilities (Nigeria Compass, 2011). He also revealed that the BYSWB on regular 
bases faces acts of sabotage and vandalism by suspected water vendors who lock the utility’s 
water supply valves to stop water supplies to certain areas, thereby making stand taps dry and 
influencing people to purchase water from them (Nigeria Compass, 2011). This development he 
further explained was largely caused by the BYSWB contractors who delay completion of their 
jobs hence delaying covering underground facilities with concrete slabs especially water valves to 
make them inaccessible to thieves and vandals (Nigeria Compass, 2011).  
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The General Manager also complained that many of the water pipes are not buried deep enough 
and since they are on the surface, they can easily be tampered with and this affects water 
distribution in the state. Another factor identified was the fact that residents of Yenagoa do not 
take care of water pipes as they sometimes set fire to debris, which inadvertently burn water 
pipes and thereby affect water supply to some areas (Nigeria Compass, 2011).  In his own words 
– ‘‘let me put it this way, people put fire here and there, they don’t care whether a pipeline is there. Like there is 
the recent problem we have on this estate road, three points where people set fire, maybe they were burning debris or 
whatever, but our pipelines were burnt” (Nigeria Compass, 2011). 
 NUWRP (2000) indicates that the perils and challenges of BYSWB has protracted, having 
started as far back as 1996 when efforts made by the National Water Rehabilitation Project to 
reform the utility and put it on the aisle of viability ended in futility. The National Water 
Rehabilitation Project had supported and strengthened BYSWB through financial and technical 
assistance by providing it with office, vehicles and other relevant materials. That effort also 
included vital support technical assistance in the adoption of proper financial practices, effective 
billing and collection, proper customer enumeration, software development, mapping of towns, 
and training courses for technical staff. 
2.14 Non-State Providers (NSP)                                                                                                                     
There are also motley of non-state service providers who complement as well as compete with 
the utilities in bringing drinking water to households. They are very active and visible in the study 
area. The extent of their relationship with the water utilities is shown on Figure 6.21. However, 
they are not the focus of this study hence their activities based on a limited literature review has 
been summarised in Table 2.28: 
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Table  2.28: Summarised profile of NSP activities  
Owerri: 
Water supplies from ISWC is intermittent hence many people in Owerri city area including those living in the large 
outer and peri-urban areas (who are largely never served) usually source their water from either commercial 
boreholes/water vendors or self-supplies. This situation typifies the burgeoning inequity in the social service strata 
of Owerri. Those without state supplies have limited options in the expanding water market (they found 
themselves), largely operated by yet to be regulated Non-State Providers (NSP) who operate mostly shallow wells 
that is hugely suspected to be largely unsafe based on tenable source vulnerability to pollution. Water supplies via 
trucks and tankers are also commonplace though generally serving construction sites. These water tankers source 
their water directly from the Otamiri and Nworie Rivers. None of these NSP is currently an intermediary of the 
ISWC, rather they are extant rivals. 
Calabar: 
Apart from the CRSWB, there are individual and private water supply channels through which many people access 
water. There are also water vendors, some using their private boreholes while others rent kiosks from the Water 
Board to sell water. This latter figure excludes self-supply, where many individual households have constructed their 
own wells and boreholes to cater for their water requirements. The volume of water sold at the kiosks has however 
reduced because of the increasing number of house connections. This is a trend which will continue until most of 
the kiosks have been phased-out with the implementation of the World Bank scheme. Currently, there are over 500 
public water kiosks in the combined networks of Calabar-Akampka- Ugep serving mainly low-income customers. 
All kiosks are leased or franchised and all are fitted with meters. Water is sold at a controlled price at the official 
CRSWB kiosks and this has had the effect of driving down the price of water of the private borehole operators in 
the vicinity of the CRSWB kiosks. CRSWB (2007) indicates that the private borehole operators sell untreated water 
and most are reliant on the availability of the public electricity supply whereas the CRSWB lessees and franchisees 
sell treated water and they do not rely on PHCN to operate during periods of power outage.           
Port Harcourt:                                                                                                                                                          
About 77% of Port Harcourt population currently access water from sources other than the utility such as the Non-
state Providers (NSP) using tankers, privately-owned wells, and vendors via hand-carried water containers etc. For 
sanitation this is much high at a 100%.  The result is that PH resident’s especially the urban poor end up paying unit 
rates for water which is 10 to 20 times higher than those with access to public water utility services. Privately owned 
and commercially operated water schemes complement supply services from the RSWB. Owners of these water 
points also vend and sell water to residents via water trucks, carts and kiosks etc. 
Yenagoa:                                                                                                      
Mark (2007) argues that generally, even as at 2012 that water delivery within the Bayelsa state capital is still grossly 
inadequate with private boreholes rivaling BYSWB in the race to meet increasing urban thirst for water regardless of 
the fact that they largely supply untreated water, which are potentially contaminated by a cocktail of industrial, 
domestic and water bearing contaminants. Also, water vending is generally rife, selling water at exorbitant prices, for 
example Omoweh (2005) quotes 25 liters Jerri- can container of water at selling for N35.00 (US50Cents). 
Conjunctive uses of hand-dug well and local urban streams are still common (Mark, 2007), and water tankers also 
exist (Omoweh, 2005). 
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2.15 Risk Management for resilience                                                                                                       
In view of the discussions in sections 2.10, 2.11, 2.12 and 2.13; a review of risk based on the 
utility setting is discussed here.  Frost et al. (2000) definition of risk is apposite in the climate 
change – municipal water utility service scenario. It defines risk as an uncertain future event 
which could influence the achievement of an organisation’s objectives, including strategies, 
operational, financial and compliance objectives. What is central from that definition is that a risk 
is a possible threat/weakness that is capable of retarding the efficiency and effectiveness of 
processes that underpin the business of the utility, hence resulting in a loss as encapsulated on its 
corporate objectives.  This is in tandem with Dorofee et al. (1996) which defines risk as the 
possibility of suffering loss. Alternatively, for an organisation such as water utility doing water 
services business; a risk is anything with the potential to cause sudden and serious damage to its 
employees, reputation, or bottom line (HBSE, 2004).  Further to this, Alberts and Dorofee (2010) 
identified three characteristics common to all risk definitions, and these are: 
The potential for loss (should exist);  
1) Uncertainty with respect to the eventual outcome (which must be present), and  
2) Some choice or decision is required to deal with the uncertainty and potential for loss.  
2.15.1 Key Performance Indicators in resilience                                                                     
Jallow et al. (2007) contends that the probability of occurrence, measures the probability that the 
risk will actually occur. Similarly, Alberts and Dorofee (2010) states that a risk, based on the 
uncertainty regarding its occurrence might or might not occur. When a risk event does occur in a 
business process, such as those of a water utility, an associated impact is suffered. Jallow et al. 
(2007) and Alberts and Dorofee (2010) also made similar conclusions.  However, Jallow et al. 
(2007) argues that estimating the impact helps the business analysts to determine how risks affect 
the business process - Key Performance Indicators (KPI). And for a water services utility, KPIs 
is crucial as have been illustrated on Table 2.9. However, are these key performance indicators 
broad enough to accommodate all relevant aspects of utility operations? Ezeji et al. (forthcoming) 
thinks otherwise, hence arguing that extant indicators need to be complemented with 
environmental accountability indicators since they also impinge on service performance s shown 
on Table 3.2. Example: 
1) Catchment indicators – such as land use and protection, source water quality and flow 
variation/extremes etc. 
81 
 
2) Water use indicators – such as abstraction rate, billing data, supplied water quantity etc. 
Nonetheless, this study notes the term ‘‘APCW’’ – ‘‘Ability to Produce Clean Water’’ - an index used 
in measuring severe pressure on watersheds (Barnes et al. 2009). However, the application of this 
index is not yet mainstreamed in the water utility operations of the case study utilities and  many 
of those on literature reviewed for this study. These tallies with the basic aim of risk management, 
which is to ensure that all project and operational threats to businesses are identified and 
controlled (Jallow et al. 2007). A salient point of this aim is the identification of all operational 
threats to business in order to control them. Such risks have also been noted to impact on time, 
cost, and quality performance (Jallow et al. 2007).  It is only by so doing that the business KPIs 
can be sustained or improved upon. But when KPIs are narrowly defined or parochial, the 
reflections on time, cost and quality would be hazy and unclear. D’Arcy (2001), argument that 
the objective of risk management is, "to maximize the productive efficiency of the enterprise" is instructive 
in the water utility context. And further to it, Archer (2002) underscores that the successful 
operation of any business depends on risk management. 
The essence of measuring cost, time and output quality using either of qualitative or quantitative 
approaches is also in tandem with Zhou and Chen (2003) who asserts that the typical evaluation 
criteria of business process performance are cost, time and output quality, hence requiring that 
every business-process-related risk analysis should address these three elements. For a typical 
water services utility, a cost analysis of the risk impact on the business could ascertain or unravel 
the impact of cost on budget for the task e.g. water treatment. The analysis of time would 
unravel or reveal the impact of the risk on task timeline or schedule e.g. time it takes to treat 
water or pump water or even operators overtime as a result of prolonged system monitoring and 
chemical mixes etc. Also, quality analysis would ascertain risk impact on e.g. raw water quality as 
well as quality of produced and supplied water etc.  
Based perhaps on similar calculations, Jallow et al. (2007) argues that the analysis of risk can 
occur by identifying the risk factors that can have a significant influence on the business process 
in terms of excess costs, excess overtime and/or poor quality performance. This is in tandem 
with Franke (1997) who argues that the essence of structured risk checklists are to identify 
specific project/business risks and to emphasize those factors that will influence the project 
targets (milestones, costs, quality, etc.). Also, the Quality –Cost-Time nexus is at the root of 
service efficiency and effectiveness. Rainey (2009, 56) argues in this regard thus: ‘‘External 
authorities, the media, interest groups, and citizens also demand effectiveness, timeliness, reliability, and 
reasonableness, even though these criteria may conflict with efficiency. Efficiency means producing a good or service 
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at the lowest cost possible while maintaining a constant level of quality. These additional criteria are concerned 
with whether a function is performed well, on time, dependably, and in a logical, sensible way’’. This argument 
underscore that achieving sustainability of water services provision is possible in an environment 
where for example, the Water Safety Plan (WSP) principles (Quality), 24/7 or otherwise supplies 
(Time), and appropriate tariff (Cost) exists.  
2.15.2    Catchment monitoring in resilience                                                                                                                                                                                                                                       
A catchment can be described as a natural system of both biological and biophysical processes 
dominant within and around a water body or system (author’s adaptation of Berkes and Folke, 
1998 perspective in resilience thinking). Hence, Alberts and Dorofee (2010) definition of risk 
management as a systematic approach for minimizing exposure to potential losses, providing a 
disciplined environment for continuously assessing what could go wrong (i.e. assessing risks), 
determining which risks to address (i.e. setting mitigation priorities), and implementing actions to 
address high-priority risks and bring those risks within tolerance; is apposite to drinking water 
utility services, especially, at least in catchment management.  
Basically, catchment management largely concerns the analysis of utility business progress 
relating to the utility water sources and the possible challenges/risks which may arise. Water 
sources are important because they represent the ecosystem – nature that provides the water. It 
requires all-time awareness, regular data collection and analysis and use of the generated 
information to improve service via adaptive management. Monitoring of catchments can also 
benefit from early warning systems if flood events and pollution threats are to be proactively 
managed (see table 2.32). This is also in tandem with Hrudey and Hrudey (2002) insistence that 
the multi-barrier approach is more relevant today than ever before. Both argue that this 
approach, despite its diverse interpretation over time, offers the most effective framework for 
achieving drinking water safety. The multiple barrier approach involves five main elements:                                                                                 
1) Source protection to keep the raw water as clean as possible to reduce the risk of 
contamination breaching the drinking water system;                                                                                                                   
2) Treatment, often involving more than one process, to remove or inactivate contaminants                                                                                                                     
3) Distribution system security to protect against intrusion of contaminants and disinfectant 
residual use to assure delivery of safe water to consumers                                                                                          
4) Monitoring programs to control treatment processes and detect contamination  
5) Responses to adverse conditions that is well conceived, thorough and effective. 
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A review of both the bio-physical and bio-geophysical risks associated with climate variability or 
extreme events as described in sections 2.7 and 2.8 indicate that they evolve primarily from that 
catchment and that both could have ripple effects on the system – upstream to downstream.  
2.16 The multiple effect of risk                                                                                                           
The concurrent or ripple nature of risks can be understood based on the tendency of risks, from 
possibly, different loci to act in combination or at same time on a particular point. Alternatively, 
it could be described as the capacity of different risks to have ripple effects at different scales. 
For example, Hersh and Wernstedt (2001), citing an assessment of water utilities’ vulnerability 
case study from the United States, argues that the combination of hydrologic effects and current 
institutional and social stresses especially population growth, could make some water utilities 
more susceptible to extreme weather events associated with a changing climate. Also, Bhatia and 
Falkenmark (1993) and Serageldin (1995) estimate that the financial and environmental costs of 
tapping new supplies will be, on average, two to three times those of existing investments, 
because most of the low cost, accessible water reserves have already been exploited.  
Also, physical infrastructure, for example utility infrastructure deteriorates over time and needs 
repair and replacement. Investment is also required in operation and maintenance and in 
developing the capacity of the personnel so that infrastructure meets appropriate standards and 
functions efficiently (UNWWDR3, 2009). The result is that most water supply infrastructure will 
need to be rehabilitated or replaced because the expected service-life of pumps, filters and other 
small or mechanical parts is 5-15 years and pipes and water tanks are expected to last no more 
than 50 years (Millan and Short, 2008).  Also, Bates et al. (2008) posits that both the quantity and 
quality of water resources are influenced by land use change, construction and management of 
reservoirs, pollutant emissions and water/waste water treatment and that water use is driven by 
changes in population, food consumption, economy (including water pricing), technology, 
lifestyle and social views of water.  
A combination of these anthropogenic influences and extreme events coupled with climate 
change (for instance severe incidents of destructive floods, drought, pollution and other 
problems including erosion etc. often results in disasters and loses for water utilities (Danilenko 
et al. 2010). Also, Chatterjee (2008) argues that the dynamics of urban demography have a strong 
influence on human vulnerability to environmental risks and hazards in developing countries. 
The extent of the emerging challenges can also be understood from Syvitski (2008) explanation 
that low gradients of deltas can contribute to a dangerous environment for human habitation, 
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allowing river flooding to spread across the flat delta plains through distribution channels that 
often switch their location and direction.  
 In further analysis of a delta’s inherent risks, Syvitski (2008), describes a delta’s low gradient as 
being both attractive and dangerous to human utilisation. According to him, the large flat delta is 
attractive and dangerous because it has the potential for easy agricultural development, made 
further attractive by its rich organic soil (e.g., Nile, Indus, Danube, and Po; Woodroffe et al. 
2006) and at times rich deposits of natural resources particularly petroleum reserves, fishes and 
abundant water resources.  
In view of the tendency of risks to have multiple effects, Cohen (1997) argument becomes 
germane. It argues that risk management - at least, as it is commonly practised - consists of (1) 
gathering facts, assumptions, and estimates; and (2) making decisions about which risks to 
address. Cohen (1997) therefore concludes that the objective of risk management is to make the 
‘wins’ – over – the – ‘losses’ bigger. Hence, risk management could be managed to entail 
knowledge of the risk and how best to reduce it; its objective being to minimize losses arising 
from existing or potential risk (Burns, 1988).In view of these multi-effects of risk, there is need  
for a risk management plan or framework.  
2.17 Fundamental elements of risk management:                                                                            
Holton (1996) posits that risk management oversees and ensures the integrity of the process with 
which risks are taken, and that there   are   three fundamental elements which should comprise 
any risk management strategy undertaken in or by any organisation if a good milestone is to be 
recorded, and this consists of:                                                                                                                                                           
2.17.1 Corporate culture                                                                                                                         
Corporate culture defines what behaviour the members of an organisation will condone   and 
what behaviour they will shun (Holton, 1996). Corporate culture plays a critical role  in risk  
management because  it defines  the  risks  which  an  individual  must personally take if they are 
to help manage organisational risks. A  positive  risk  culture  is one  which  promotes individual  
responsibility  and  is supportive  of risk taking (Holton, 1996). The implication is that based on 
the inevitability of climate change (IPCC, 2007), adaptation to a variety of risks associated with it 
becomes part of the operational schedule or tasks of a water utility. Features of corporate culture 
includes individual decision making, though possibly with the help and approval of others; 
questioning everything by staffs, customers and stakeholders; and honesty , such as admission of 
ignorance (Holton, 1996).  
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Organisational culture can be thought of as the attitudes, experiences, norms, beliefs and values 
of an organisation (Summerill et al. 2010); and may act as a filter to the uptake of new practices 
(Johnson, 1992), such as WSPs (Summerill et al. 2010).  Also, Alvesson (2002) stresses the 
importance of studying organisational culture and of its significance in how organisations 
function; identifying linkages between organisational culture, knowledge management and 
stakeholder engagement, two vitally important aspects of Water Safety Plan implementation. 
Bartram   et al.  (2009) recognises organisational buy-in as an essential step for the 
implementation of Water Safety Plan.   
Enabling factors that drives organisational culture includes: camaraderie; competition; proactive, 
involved leaders; community focus; customer service mentality; transparency; accountability; 
competent workforce; empowerment; appreciation of successes, and a continual improvement 
culture (Summerill et al. 2010). Factors that can hinder it consist of: poor communication; 
inflexibility; complacency; lack of awareness, interest or reward and coercion (Summerill et al. 
2010). Also, Hamilton et al.(2006) argues that beyond straight forward compliance issues is the 
need for a proactive and transparent culture , possible only with the adoption of a different 
mind-set by sector key players.  
A corollary is Pollard et al. (2004), who argues that developing organisational cultures that are 
responsive and not necessarily wholly averse to risk is itself a challenge, and proceeded to 
highlight the critical aspects of organisational culture as the importance of openness, 
transparency, engagement, proportionality, precaution, evidence and responsibility to good 
decision-making etc.  
2.17.2 Procedures                                                                                                                                          
Procedures specify how people can accomplish what needs to be done (Holton, 1996). It is only 
when procedures are neglected or abused that they become an impediment (Holton, 1996).  The 
success of procedures depends critically upon a positive risk culture. However, even a simple set 
of procedures can make an enormous difference for an organisation if people believe in them 
and take personal responsibility for upholding them. Whenever procedures do not exist there is 
increased potential for disagreement, misunderstanding and conflict (Holton, 1996).  The lack of 
procedures increases the personal risk that individuals   must   take if they are going to manage   
organisational risk. A lack of procedures tends to promote inaction.  Effective procedures, on 
the other hand empower people.  They lay out specifically what people should do-and what they 
should not do-in a given situation.  
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By reducing uncertainty or individual risk they promote positive action. Informal practices 
evolve out of habit instead of a deliberate process. Because they may be adopted out of necessity 
or convenience-without considering how they impact organisational risk-they too are a source of 
risk. Also underscored in this context are clarity over accountabilities, both between and within 
organisations, which Pollard et al.(2004) identified as being essential if risk management is to 
translate into practical procedures that deliver sustainable improvements in service and decision-
making to the drinking water community.  
Accountability in this context is interpreted as relating to roles and functions; both as sub-sets of 
procedure and culture. Implementing risk analysis strategies and decision-making frameworks 
requires clear, straightforward procedures that can be understood, agreed and operated by all 
levels in an organisation (Pollard et al. 2004). In this context, ‘Keeping it as simple as it needs to be’ has 
been a mantra of risk analysts (Morgan and Henrion, 1990).  
2.17.3 Technology                                                                                                                                               
Technology is basically a tool; in the wrong hands it is worse than useless, but applied 
appropriately it can transform an organisation. For institutions which rely heavily on technology, 
there is always a risk of the cart being placed before the horse and technology becoming the 
focus of risk management, and this is wrong (Holton, 1996). Cohen (1997) is however of the 
view that instead of micro-managing technical protection, that risk management should seek to 
make decisions about whether and when to take , avoid, or mitigate risks and how much to 
spend in the process. 
2.17.4 Blending these three elements                                                                                                                
In view of these three fundamental elements, Holton (1996) advises that organisations managing 
risks should first start by planning  a risk management strategy that  involves  no technology  at 
all as this  can  be  an  empowering   exercise.  Holton (1996) argues that this leverages focusing 
participants   on  the procedural   and  cultural  issues  of  risk  management, and that ultimately, 
it  is  these two elements which basically determine the success of an initiative. Holton (1996) 
further argues that such a basic strategy for managing risk   would then   determine where 
technology needs to be incorporated or where it can enhance the strategy. Important values such 
as organisational culture, procedure and technology has been holistically and directly proposed 
by Holton (1996) as being critical in risk management in any organisation that is committed to 
managing risk. However, Pollard et al.(2004) tends to aggregate these values as part of 
institutional capabilities in managing risks, itemising them as processes, people, reports, 
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methodologies and technologies (collectively, ‘risk infrastructure’) acquired or developed to 
systematically identify, source, measure, manage and monitor risks (DeLoach, 2000).  
Pollard et al. (2004) further argues that the implementation of a portfolio of risk techniques 
within a water utility is contingent on institutional capacity, data quality and the requirements of 
the decision that the risk analysis is informing. However, Hrudey et al (2006) adds another value; 
the value of commitment. Hrudey et al. (2006) argues that commitment means more than just 
meeting regulatory requirements by minimal margins, but a fundamental commitment to 
continuous improvement, serving as a cornerstone for employee responsibility and motivation.  
Hrudey et al. (2006) argues that from this commitment flows the series of elements related to 
system analysis and management that are synonymous as risk management framework tools. 
According to Hrudey et al. (2006), the supporting requirements for this framework are elements 
often overlooked in the short term, but which are vitally important to long-term performance, 
and consists of the following: 
1) Employee issues: This includes awareness, involvement and training, with particular 
consideration given to the role of contractors.  
2) Community issues: This includes consultation and communication to ensure that the 
drinking water provider is meeting the needs of the consumer.  
3) A commitment to research: This is vital to assure that emerging risks are managed as 
thoroughly as possible, based on some predictive capability. Applied research studies can 
include investigations and research monitoring, validation of process performance and 
design of equipment.  
4) Documentation and reporting: which are necessary to prove that systems have been working 
as planned. 
Consequently, many other sector risk management authors such as Summerill et al.(2010), 
MacGillvray(2008), Hamilton et al.(2006) etc. in one way or the other underscores the relevance 
of various components of these values. Key attributes of risk mature organisations was proposed 
by Strutt (2003) as listed in Table 2.29. 
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Table  2.29: Common key processes of risk mature organisations  
 Key Process Description of attributes 
1. Core risk 
management 
processes 
(i) setting and allocation of safety risk and reliability requirements, 
(ii) performance of risk analyses including reliability and safety studies to inform 
decisions,  
(iii) design and operation of plant to meet specified risk and reliability 
requirements, and  
(iv) Risk assurance to the customers, stakeholders and regulators. 
 
2. Typical 
organisational 
implementation 
processes  
(i) the verification of management processes and validation of risk models and 
data,  
(ii) project risk management (ensures risks managed to cost and delivery 
schedules),  
(iii) emergency response management, (iv) reliability, qualification and safety testing 
(provides assurance of performance),  
(v) Measurement and analysis of data (assurance of what is achieved in service),  
(vi) procedures for the management of change (identifying key differences), and  
(vii) Supply chain management (sometimes failures and incidents have their causes 
in products supplied down the supply chain). 
 
3. Institutional 
support 
The implementation of a risk management framework will be supported by 
organisational learning, education and training and research and development. 
 
Adapted from Strutt (2003) 
2.18 Noted gaps in literature                                                                                                                     
2.18.1 Absence of organisational-wide focus                                                                                    
Another gap is the failure of the sector risk authors to do a systematic appraisal of the risks 
based on an organisational –wide focus since risks are capable of dynamic diffusion. Enterprise 
based risk management seeks to correct this gap as is promoted by COSO (2004), AS/NZS 
(2004), FERMA (2003), Lifton and Smeaton (2003) etc. However, enterprise based risk 
management literature is largely scarce in the water utility sector. Pollard et al. (2005) affirms to 
the relevance of this approach by arguing that progressing from hazard management to effective 
risk management requires a richer understanding of the technical, managerial and human systems 
within which risks may be realised such as a water services utility.  
One obvious challenge facing water utilities is the growing urban population in many developing 
countries (Mugabi et al. 2007), hence water utilities need to quickly analyse the inherent risks in 
such phenomenal urban population growth, and plan to improve operational efficiency and 
reduce the service gap.   Also, risks prevail with the absence of effective management 
information systems vital for adequate monitoring and evaluation of service provision. The 
World Bank (2000) cites this as a crucial problem of urban water services in Nigeria. A coterie of 
risks prevails in the water utility sector hence necessitating an organisation –wide focus on risk 
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management, which unfortunately has not been the case hitherto. Pollard et al. (2004) 
summarizes some of the risks as follows:                                 
1) Financial risk: These are risks arising principally from the financial operations and 
management of drinking water as a business enterprise, whether or not the operating 
agency is a private entity.                                               
2) Commercial risk: In many jurisdictions, drinking water utilities are no longer protected 
as a public monopoly so they are no longer insulated from competition or financial 
instability.                                                                   
3) Environmental risk: Equipment failure or human error can lead to adverse 
environmental impacts including waste discharges to the atmosphere, ground or water 
environment.                                                                  
4) Public health risk: The most vital duty of care that a drinking water utility holds is to 
assure the safety of the water provided to avoid adverse impacts on public health.                                                                                                       
5) Reputation risk: Even in the absence of dangers to public health, a water utility can 
experience harm if water quality characteristics of importance to consumers (taste, odour, 
appearance) are impaired or customer trust is damaged.                                                                                  
6) Compliance/legal risk: Legislation, regulations and common law liability set out 
minimum standards for water quality, the handling and storage of treatment chemicals, 
the discharge of wastes, and the health and safety of the operational staff and the people 
living nearby. 
2.19 Enterprise risk management                                                                                                        
However, it needs to be pointed out that the Pollard et al. (2004) 6 risk categories have been 
captured under the 4 generic categories of enterprise risks discussed by D’Arcy (2001). In view 
of the foregoing discussions on biophysical, bio-geophysical and others e.g. institutional etc. as 
well as the review of the risk management literature in the sector, enterprise risk management is 
here discussed in the context of its relevance at disaggregating to aggregate all subsisting risks in 
order to analyse and mitigate where necessary. (CGConsulting, undated) argues that traditionally 
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various risks of a firm were viewed, assessed and acted upon in isolation without a framework to 
measure total risk, let alone interactions between various risks, and their relationship to 
profitability. According to the Casualty Actuarial Society (CAS) as quoted by D’Arcy (2001), 
enterprise risk management is defined as: "The process by which organisations in all industries assess, 
control, exploit, finance and monitor risks from all sources for the purpose of increasing the organisation's short 
and long term value to its stakeholders.". 
 The CAS then proceeds to enumerate the types of risk subject to enterprise risk management as 
hazard, financial, operational and strategic. Enterprise risk management is about optimizing the 
process with which risks are taken (Holton, 1996), and represents a fundamental shift in the way 
many firms do business (CGConsulting, undated). In essence, enterprise risk management is the 
latest name for an overall risk management approach to business risks (D’Arcy, 2001). However, 
Holton (1996) argues that enterprise risk management is a complex and multifaceted process  
which  varies from  one  organisation  to  the  next, and that it  should  be viewed as an on-going  
process which needs continual oversight  planning and modification as needs evolve. However, 
D’Arcy (2001) points out that enterprise risk management is not truly a new form of risk 
management; it is simply recognition that risk management means total risk management, not 
some subset of risks. Further to the foregoing, Holton (1996) argues that the more proactive an 
organisation is in developing its own procedures the more effective that organisation will be at 
enterprise risk management, and that through such a process   an organisation   will not only 
implement procedures which are in tune with its goals, but that it will also be implementing 
procedures for the right reason. A closer look on enterprise risk management literature (see 
D’Arcy, 2001 and PricewaterhouseCoopers, 2011) as shown in Table 2.30 is interesting in the 
study context. 
Table  2.30: Possible elements of enterprise risk management for water utility 
Hazard                                                                            
Natural disasters e.g. Climate variability risks, flood, 
drought, windstorm fire etc.                                                      
Acts of vandalism, terrorism and theft etc.  
Business interruption, Source pollutions etc.                                                        
 
Financial                                                                            
Poor financial management, Asset losses,                                                                                                                               
Depreciation, Other potential losses due to changes in 
financial markets including interest and  foreign exchange 
rates, as well as liquidity and credit risk etc.. 
Operational                                                               
Customer satisfaction, Water treatment,                                                                                                                
Water Quality issues, Corporate leadership,                                                                                  
Information technology, Cost over-run,                                                           
Poor capacity management, Regulation,                                                                                                   
Water supply chain issues, Issues on tariff setting etc.                                       
Employee issues including fraud, bribery and corruption,                                                               
Strategic                                                                     
Research and Development,         
Customer issues, Stakeholder issues,                                                                                                        
Demand Management,  Watershed concerns                                                                                    
Technological innovation, Regulatory or political 
impediments
Source: Adapted from D’Arcy (2001)                                                                                                                              
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However, D’Arcy (2001) argues that although there can be disagreement over which category 
would apply to a specific instance, that the primary point is that enterprise risk management 
considers all types of risk an organisation faces , and the common thread being that the overall 
risks of the organisation are managed in aggregate, rather than independently.  
PricewaterhouseCoopers (2011) apportions possible amount of risks associated with each of 
hazard, finance, operation and strategy in a business enterprise. This is shown in Table 2.31:  
Table  2.31: Possible risk sources (%) of a business enterprise 
Hazard    
19%                                                     
Financial       
14%                                                          
Operational           
28%                                       
 
Strategic        
39%                                                
Source: Adapted from PricewaterhouseCoopers (2011)  
                                                                                                                                                       
However, it needs to be noted that the use of the term ‘comprehensive risk assessment’ by WHO 
(2004) possibly accommodates cost and time implications but it needs to be more boldly 
emphasised in order for any utility deploying the WSP to effectively formulate an appropriate 
strategy in this regard. For example WHO and DFID (2009) describe various adaptation 
methods in Table 2.32.                                                                                                                                
Table  2.32: Vulnerability, Impacts and Adaptation methods for a typical water source 
Vulnerab
ility 
Impacts                                    Adaptation methods 
 
Water 
intakes 
may be 
left 
exposed 
as water 
levels fall 
 
Highly 
turbulent 
water 
flows in 
rivers 
after 
heavy rain 
may 
damage 
intakes 
Capital 
Expenditure 
Operational 
Expenditure 
Monitoring Socio-
economic tools 
Design water intake to 
accommodate varying water 
levels (for example floating 
booms) 
Develop groundwater 
sources where feasible 
Design and construct 
overflows for source 
reservoirs to prevent failure. 
Strengthen river intakes to 
withstand more turbulent 
flows 
Maintain 
spillways and 
channels in 
good order. 
Develop, 
implement 
and update 
water safety 
plans. 
Early 
warning 
system 
installed. 
Disseminate 
early 
warnings. 
Update and 
disseminate 
evacuation 
procedure. 
Increase 
frequency 
with which 
emergency 
procedures 
are practiced. 
Source: WHO and DFID (2009) 
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A review of Table 2.32 underscores the need for a definition of the term adaptation, as well as 
the term vulnerability. While AMMA (2009) defines adaptation as a strategy of responses that 
aims to bring the potential impacts of climate change down to a minimum and reduce the 
negative effects for the lowest cost. Vulnerability is defined as the state of susceptibility to harm 
from exposure to stresses associated with environmental and social change and from the absence 
of capacity to adapt (Adger, 2006). However, Blaikie et al. (1994) describes unsafe conditions as 
the specific forms in which vulnerability is expressed in time and space. The “Social space of 
vulnerability” as formalized by Watts and Bohle (1993) and quoted by Singh (2008) underscored 
exposure, capacity and potentiality as its three constituents.  
In view these definitions, the central position of cost is clear as shown in Table 2.32, but those of 
time and quality are not. For Table 2.32, it needs to be known what the costs of the impact are, 
its water quality implications as well as the time. A holistic appraisal or analysis is required in 
order to guide and shape strategic decision making necessary in achieving organisational 
resilience in the water utility. This argument is in tandem to the definition of Water supply 
services; which nevertheless has been defined as the provision of water of a given quality and 
quantity with a given reliability at a given time (Van Koppen., 2006). This definition emphasizes 
the outputs; what people receive, rather than the inputs: the hardware (or technology, or 
schemes; all used interchangeably) and the software (skills, capacities and institutions required to 
manage hardware and water resources) that are implied in terms such as “water supply system” 
or “irrigation scheme”.  
It however is mute on upstream issues such as the catchment (water source) issues and the 
possible impacts of water supply services on it based on cost-time- quality. Such a persisting gap 
broadens the elusiveness of resilience in the water utility. Also, the listing of early warning system 
as a monitoring tool in Table 2.32 is instructive. Flood forecasts and early warning systems are 
essential components of damage prevention, and such systems should be tailored to the 
characteristics of the particular river basin or sub-basin (Alkmaar Conference report, 2010). 
Annex Table 2.4 lists some current early warning system technologies. 
2.20 What is organisational resilience?                                                                  
Jeffrey et al. (1997) distinguishes between flexibility - the options that are held open for the future, 
and adaptability - the ease or difficulty with which those options can be taken up when needed. 
In this context, both flexibility and adaptability can be posited as basic components of resilience. 
For example, Horne and Orr (1998: 31) argue that …. “Resilience is a fundamental quality of 
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individuals, groups, organizations, and systems as a whole to respond productively to significant change that 
disrupts the expected pattern of events without engaging in an extended period of regressive behaviour”  
A resilient organisation is one that is still able to achieve its core objectives in the face of 
adversity (Seville et al.2007). This means not only reducing the size and frequency of crises 
(vulnerability), but also improving the ability and speed of the organisation to manage crises 
effectively (adaptive capacity) (Seville et al.2007). To achieve organisational resilience an 
organisation needs to be appropriately ready and prepared for adversity (Vogus and Sutcliffe, 
2007) which according to (Wildavsky, 1991: 70) requires …. “improvement in overall capability, i.e., a 
generalized capacity to investigate, to learn, and to act, without knowing in advance what one will be called to act 
upon”  
However, organisational resilience requires adequate resources which could comprise of financial 
resources, human resources and others. Vogus and Sutcliffe (2007,3) argues thus: ‘‘One possible 
explanation for organizational resilience is that resilience is a result of high levels of slack resources (e.g., 
conceptual slack, Schulman, 1993). Slack resources are fundamental to our definition of resilience. Woods (2006) 
similarly discusses the importance of maintaining an up-to-date understanding and sensitivity to where an 
organization is operating with respect to its limits (i.e., how much margin exists). The idea of margin is essential 
to resilience because maintaining adequate margin is necessary for responding to unexpected events and operating 
beyond a comfortable margin for too long invites disaster. If that is the case, do resilient organizations merely 
possess higher levels of slack resources? Gittell, Cameron, Lim, and Rivas’s (2006) research on the airline 
industry after the terrorist attacks on the United States on September 11, 2001 finds that the airlines that had 
accumulated the greatest financial reserves and avoided high levels of debt (e.g., Southwest Airlines) were able to 
return to and surpass previous levels of performance without engaging in layoffs. This suggests that financial 
resources (i.e., slack) are an important enabler of organizational resilience’’  
Without adequate resources resilience may be difficult to attain. Indeed weak and financially 
challenged water utilities are still struggling with old and persistent problems of water 
management, coverage and efficiency issues in the delivery of services (Danilenko et al. 2010). 
Further to the foregoing Vogus and Sutcliffe (2007) argues that a theory of organizational 
resilience needs to be developed, arguing that such a theory of organizational resilience would 
provide insight into how organizations and the individuals and units of which they are comprised 
continue to achieve desirable outcomes amidst adversity, strain, and significant barriers to 
adaptation or development.  The evolution of a theory of organizational resilience may possibly 
enrich the concept of organisation theory which is based more in sociology, focusing on topics 
that concern the organisation as a whole, such as organisational environments, goals and 
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effectiveness, strategy and decision making, change and innovation, and structure and design 
(Rainey, 2009). However, Burns and Stalker (1961) characterization of organisational structures 
as being either organic or mechanistic, shares some distinct similarity with the definitions of 
organisational resilience. While mechanistic organisations are designed to operate in machinelike 
fashion, the organic type, so named to underscore the analogy with living, flexible organisms 
performed more successfully in its rapidly changing environment (Rainey, 2009).  Adger et al. 
(2005) also argues that networks and institutions that promote resilience to present-day hazards 
also buffer against future risks, such as those associated with climate change. In this way 
resilience relies upon past learning and fosters future learning, but exists independently of 
learning activities in that resilience represents a broader store of capabilities (Vogus and Sutcliffe, 
2007).   
Vogus and Sutcliffe (2007) also argues that a resilience approach recognizes the inherent 
fallibility of any organizational system and attempts to monitor how closely the system is 
operating relative to its performance limits and to manage any deviations as quickly as possible 
once they emerge. Vogus and Sutcliffe (2007) posits that resilient organizations while always 
attempting to anticipate events are more likely to take the form of on-going monitoring of their 
environment and/or simulating possible unexpected events. Both the monitoring and simulating 
are done to improve an organisation’s ability to detect unexpected events sooner when they are 
more easily corrected and to build capabilities for recovering from unexpected events rather than 
as a means of eliminating errors and unexpected events (Weick and Sutcliffe, 2001). Seville et al. 
(2007) contends that to effectively manage crises, organisations also need to recognise and 
evolve in response to the complex system within which the organisation operates (situation 
awareness) and to seek out new opportunities even in times of crisis. The complex system could 
be interpreted based on the enormous multiple risks associated with their work environment 
(internal and external). 
Resilience could be argued as being leveraged by processes, structures, and practices (and these 
are basically organisational culture and procedure) that promote competence, restore efficacy, 
and encourage growth endow organizations with capabilities to mediate jolts and increased strain 
(Vogus and Sutcliffe, 2003). These capabilities facilitate responses that meet the challenges of 
discrete jolts and on-going strain by enlarging informational inputs, loosening control, and 
reconfiguring resources (Vogus and Sutcliffe, 2007). The definition of adaptive management as 
the systematic process of continually adjusting policies and practices by learning from the 
outcome of previously used policies and practices (Walters, 1986) is apposite in this context as 
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well. However, learning from the outcome of others’ experiments or failures is much appropriate, 
than waiting to first fail, and then making amends. This is most apposite where investments are 
required for risk management or adaptation.  Any business led by competent and risk savvy 
personnel would need to properly appraise every investment in order to really know; whether to 
invest? When to invest? And how to invest ?  
Decisions of these nature are crucial because large sums of money are to be committed in, often,  
an irreversible decision.  For the World Bank, (2010a, 11) thus: ‘‘Each adaptation option should be 
screened for a financial viability using the utility’s established evaluation processes for investment planning. ‘No-
regret’ investments are worth doing anyway, no matter what the eventual climate change stress may be on a 
particular system. Such actions consider climate change but do not make it the primary factor in decision making. 
‘Climate justified’ investments are beneficial only if climate change impacts actually do occur and the overall 
benefits of taking specific action exceed the marginal cost following a cost –benefit analysis. Understanding such 
analysis can serve as a major input into the formulation of climate action plans for short and medium terms’’. 
Hence, resilient organizations are better able to make sense of weak signals by maintaining and 
constantly updating their picture of on-going operations and making it ever more nuanced and 
refined based on internal reflections and also reflection from similar external organisations. In a 
sense, resilient organizations notice relevant weak signals more quickly because these 
organizations have developed more capabilities for responding to a broader array of events 
(Vogus and Sutcliffe, 2007). Putting it more succinctly, Seville et al. (2007) argues that resilience is 
not something that can be achieved by any one organisation or infrastructure system acting in 
isolation.  
To buttress this, Seville et al. (2007) posits that in the same way that the telecommunications 
network relies on the electricity network to continue functioning, so too does an organisation 
critically depend on its key suppliers and customers for continued survival. The same case applies 
to a municipal water utility which relies on water sources – Groundwater, rivers, lakes or even 
rainfall for its raw water as well as on its infrastructures such as water distribution networks 
(WDN) and customers who needs to pay and provide it with the revenue it requires to maintain 
and operate its system. As well as networking with similar organisations on their experiences are 
crucial in strategy deployment (a view also expressed by the Danilenko et al. 2010). Such 
interaction is at the core of enterprise risk management as discussed in section 2.20  
Each of these parties – water source, technology/infrastructure, customer and/or sister 
organisations will also need to be resilient in order to add value to the performance improvement 
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service chain. For example, a resilient technological system will possess both options for 
alternative modes of operation (flexibility), and the ability to exploit these alternatives 
(adaptivity)( Jeffrey et al.1997) and that the central components of resiliency in technological 
terms might include; modular technology design, diversity of technology configurations, diversity 
of technology types, scale independent technology designs, and adaptive infrastructures. Also, 
customers’ resilience could also include argument made by Ezeji and Smout (2009) on the need 
to mainstream productive uses into urban water systems.  
Prior to that, Moriarty et al. (2004) argued that systems that are designed to provide minimal 
domestic „basic water‟ supplies and that do not take account of productive uses can be expected 
to fail if people actually want to use its water for productive activities (often through illegal 
connections). According to Seville et al. (2007), getting organisations to recognise these 
interdependencies and achieving the commitment required to actively managing resilience issues 
which have collective rather than individual ownership remains a significant challenge. This is 
particularly true for public water utilities whose infrastructure, according to Domingueze (2009, 
Hughes, 1987) are characterised by a high degree of interdependency typical for large technical 
systems. Also, network operations and service provision are tightly linked to established and well 
adapted technologies as well as to organisational and institutional structures (Markard and 
Truffer, 2006). 
Based on these discussions on resilience, this study underscores the appropriateness of coupled 
social-ecological approach as a strategic risk management tool. According to Adger et al. (2005) 
socio-ecological resilience must be understood at broader scales and actively managed and 
nurtured. Incentives for generating ecological knowledge and translating it into information that 
can be used in governance are essential (Adger et al. 2005). It is noted that multilevel social 
networks are crucial for developing social capital and for supporting the legal, political, and 
financial frameworks that enhance sources of social and ecological resilience (Folke et al. 2005, 
and Dietz et al. 2003) and in this context support sustainable utility management. And for water 
utility management (e.g. Adger et al. 2005) underscores cross-level interactions and cooperation, 
not merely centralization or decentralization as being most appropriate in management.  
Effective multilevel governance systems are critical for building capacity to cope with changes in 
climate, disease outbreaks, hurricanes, global market demands, subsidies, governmental policies, 
and other large-scale changes (Adger et al. 2005). The challenge for social-ecological systems is to 
enhance the adaptive capacity to deal with disturbance and to build preparedness for living with 
change and uncertainty (Berkes et al. 2003). In tandem to the fundamental elements of risk 
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management described in sections 2.18, Mallack (1998) developed resilience principles which 
were derived from resilience concepts in several distinct disciplines. These principles can also 
guide the development of such a strategy. Mallack (1998) opines that in implementing these 
principles, organisations will achieve resilience as they would have personnel who perceive their 
experiences constructively, perform positive  adaptive responses to situations they face, have 
access to adequate external resources coupled with necessary decision-making authority, practice 
‘bricolage’, have  a high tolerance for  uncertainty, and operate within a virtual role system where 
each  person knows others' roles and can visualise the larger purpose of the entire  team. An 
adaptation of Mallack (1998) resilient principles is described in annex table 2.6. Further to 
Mallack (1998) is Wardekker et al. (2009) who identifies three characteristics of social-ecological 
resilience as: 
1. The amount of change the system can undergo and still retain the same controls on 
function and structure 
2. The degree to which the system is capable of self – (re) organisation to accommodate 
external changes 
3. The ability to build and increase the capacity for learning and adaptation.  
From these three characteristics,  Wardekker et al. (2009) posits that a resilient system should 
also encompass the dynamics to accommodate trends and co-evolve; to bounce back in better 
shape hence the authors adopted six resilience principles from ecological and system dynamics 
literature and tested their usability for supporting resilience thinking in relation to urban 
adaptation. A summary of the principles is attached as annex Table 2.6. 
2.21 Chapter Summary                                                                                                                   
The Chapter reviewed relevant literature and was able to underscore relevant gaps in the 
literature, hence arguing that the bane of strategic risk management in the drinking water sector 
is the persisting parochial analysis of risks. It advises that estimating risk impacts on the basis of 
cost, time and quality will help the water utilities to determine how risks affect their business key 
performance indicators, and that corporate culture, adoption of clear procedures and technology 
are crucial in risk management, though underscoring the need not to place the cart before the 
horse as is often the case with technology. The Chapter while reviewing various risk frameworks 
underscores the need for the sector to adopt the enterprise risk management concept based on 
its holistic approach to risk management. It furthers argues for organizational resilience built on 
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the inter-dependences of a utility. The next chapter (Chapter 3) discusses in details the 
conceptual base adopted for this study.  
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3 CHAPTER THREE 
CONCEPTUAL FRAMEWORK 
 
3.1 Chapter Introduction                                                                                                                                 
The preceding chapter reviewed and discusses some relevant literature on risks, the study area, 
extreme weather events and their implication for sustainable utility water services. It further 
identified persisting gaps in literature which it argues could be the bane of sector risks 
management. Also, some salient points were stressed which emphasized the need to underpin 
such risk management on a sound risk analysis approach that captures cost, time and quality 
implications in addition to the attributes of organisational culture, procedure and technology 
where necessary. In view of these points, Chapter 3 builds on the preceding Chapter 2 by 
developing a research template and conceptual framework to guide the research. Chapter 3 is 
structured to define the research problem and the overarching questions it poses. It goes on to 
discuss the conceptual perspectives deployed, and relates them to the research questions.  
3.2 Research problem and overarching research questions                                                               
Orr et al. (2009) posits that risks are determined by a company’s unique business and are 
inevitably peculiar to specific institutions and sometimes specific departments and operations. 
Also, in a business enterprise, such as a water utility, private or public; the definition of risk by 
the HBSE (2004) is instructive: ‘‘a risk is anything with the potential to cause sudden and serious damage to 
its employees, reputation, or bottom line’’. The potential impacts of climate change on drinking water 
services has been underscored by IWA (2009) as being of increasing concern to a growing 
number of utilities worldwide. Factors driving such fears include shareholder expectations, 
regulatory constraints, customers with their own set of growing expectations, and governments 
with responsibilities to deliver on water quantity and quality objectives. 
In view of the risks associated with a variable climate, a hazardous delta and a low – capacity 
public water utility enterprise, this research seeks to make the point that risk analysis at all 
spheres is necessary if  utility performance improvement is the objective. And that the provision 
of safe and reliable drinking water services, needs to move in tandem with effective risk 
management activities that are implemented by a committed and capable utility, relying as always 
on well laid out procedures such as a risk management framework. The reliance on risk 
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management framework is because risk management frameworks set out the relationship 
between the processes of risk identification, evaluation and management (Jardine et al. 2003), and 
can be regarded as ‘route maps’ for decision makers (Pollard et al.2004). The overarching questions 
addressed have been highlighted in section 1.3 and also in 3.5.  
3.3 Theoretical perspective                                                                                                                       
The conceptual framework discussed in this thesis is derived from the coupled socio-ecological 
system perspective espoused by authors such as Leslie and Kinzig (2009), McLeod and Leslie 
(2009); Shackeroff et al. (2009), Adger (2006), Glaser (2006), Gunderson and Holling (1998 and 
2002) and Berkes and Folke (1998) etc. The use of this perspective is novel in water supply 
services research. The use of this perspective leads to a general prediction regarding the potential 
of the emergent risk in a broad sphere of interactions within a pathway dominated by hazards 
within both the social and the ecological system continua. The perspective appraises the water 
utility and its watershed and or even larger external environment from a distinct conceptual 
direction and present a peculiar account of what can be expected and how it  can also be 
identified and strategically managed.  
3.3.1 The coupled socio-ecological perspective:                                                                                          
Ecosystem services are the benefits that people and institutions obtain from ecosystems, some  
of which are natural resources, which usually consist of a wide variety of tangible natural 
endowments, including freshwater, timber, minerals, land and soil etc. and non- tangible 
functions such as climate regulation, protection from natural hazards, erosion control and 
recreation etc. Hence any conception of sustainability must account for the interconnections of 
environmental, economic, and social factors as well as considering both the local and global 
resource base, and be attentive to the long term needs of future generations (Alberti and 
Marzluff, 2004; Sahely et al. 2005; Milman and Short, 2008). For water resources, Chéné (2009) 
posits that efforts to manage it in a sustainable manner must be integrated into the broader and 
interlinked contexts of economic and social development of the environment.  
The dynamics, disturbances, and performance of ecological systems cannot be easily parsed from 
the dynamics, disturbances, and performance of social and economic systems. Disturbances that 
originate in the social or economic realm- even at small scales- can have profound consequences 
for the ecological domain (Kinzig et al.2006). This once again reinforces the concept of resilience 
as the capacity of the system to absorb disturbance and re-organize while undergoing changes so 
as to retain the same essential function, structure, identity, and feedbacks (Folke, 2006). Berkes 
and Folke (1998) suggest a systems approach, appropriate for managing these spatial 
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interactions, this approach refers to a holistic view of the components and the interrelationships 
among the components of a system. This underscores the need for coupled studies. And the 
systems view most relevant here is the ecosystem view or the ecosystem perspective (e.g. Odum, 
1989) , and one crucial principle here especially for  ecologically sustainable water management is 
the need to provide freshwater ecosystems with the flows necessary to sustain their health 
(Richter et al. 2003) and this is in both quality and quantity.  
But unlike biological ecology, which tends to view humans as external to ecosystems (e.g. Pomeroy and Alberts, 
1998; Likens, 1992); Berkes and Folke (1998) use an ecosystem perspective that does explicitly include 
humans, or more specifically, the social system. The ecology in this context refers to the natural systems 
that provide the background or surrounding for institutional and user activity and this consists of 
the freshwater resource and its watershed etc. The institution refers to the managing or 
exploiting institution such as the water ministry, the water utility or the contracting firm and or 
even the regulating authority etc. Common issues here are laws, technologies and management 
styles etc. In effect the natural system determines functionality of dependent sub-systems, and 
the water utility which is the focus of this study is one such sub-system. Other related 
institutions are referred as being external to it and accordingly categorised under the user group.  
The user group consists of other stakeholders whose activities as it relates to or dependent on 
the ecosystem is managed or regulated by the institution(s) etc. It consists of industries, 
agriculture, households and to some extent the government especially in a milieu where the 
institution is autonomous etc. However, external to the institution are the ecosystem and the 
user groups. Prevailing circumstances such as population growth, climatic variability and 
pollution etc. greatly impinges on it and to a large extent tasks on its creativity to manage them 
competently. For example, Pearson and Collins (2010) explain that changes in rainfall patterns or 
occurrence of floods, droughts or cyclones may impact on the type, extent or timing of water 
decisions, for example made by water utilities. This underscores that as a natural resource, an 
interaction exists between the natural environment where the resource exists and appropriated, 
and the human system that exploits it.  
This is true for example when the human system e.g. the water institution (utility, river basin, 
ministry, NGO and even private/self-suppliers etc.) constructs a dam on a river; drills a borehole 
or invests in rainwater harvesting infrastructure to appropriate water for a variety of reasons. 
This interaction defines those of a water institution (an interlinking system) as identified above 
and its water source (ecological system) and the society (user) i.e. social vs. ecological realms.  
However, despite these interactions, the human system has often been treated as external to the 
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ecosystem. Berkes and Folke (1998) laments that studies of institutions have mainly investigated processes 
within the social system, treating the ecosystem largely as a ‘black box’, and that only few studies have explicitly 
analysed linkages between social systems and ecological systems.  In the water sector this has been the case 
despite the principles of watershed or catchment management enunciated in both the Water 
Safety Plan (WHO, 2004) and Integrated Water Resources Management (Chéné, 2009). 
However, authors such as McLeod and Leslie (2009); and Shackeroff et al. (2009) have studied 
coupled social-ecological systems, and this system has been found appropriate for the human-
ecosystem interaction which is here related to those of a water utility and the environment. Leslie 
and Kinzig (2009) argue that ecological dynamics cannot be understood apart from the human 
activities and decisions that influence ecosystems and their functioning.  
The implication of this is that in the debate on sustainable ecosystem management, the social-
ecological systems approach searches for system configurations which produce desirable system states, and the core of 
its approach to management is resilience (Glaser, 2006). The resilience of social-ecological systems resides in self-
reinforcing mechanisms which inhibit shifts into undesirable system configurations (Folke et al. 1998; Gunderson 
and Holling, 2002), ‘maintaining the capacity of the system to cope with whatever the future 
brings without the system changing in undesirable ways’ (Walker et al. 2002).  Danilenko et al. 
(2010) argues that the effects of climate change would manifest from difficulties in operations to 
disrupted services and increased cost of the water and wastewater services. It further contends 
that variability and uncertainty challenge water utilities in their daily operations and long term 
planning. System changing events could be vice versa on either systems e.g. climate change often 
has a first order impact on the ecological realm before it cascades to the social realm for example 
by making the utility to incur higher operation and maintenance costs in the course of treating 
impaired water etc. The impact on the social system can become manifest when water services 
are cut – off for hours or days.For example, it was reported (Water21 Global News Digest, 2013) 
that some parts of the south east of the state of Queensland, Australia, including the city of 
Brisbane, nearly ran out of potable water if residents had not cut back on water usage. This 
happened because the Mount Crosby water treatment plant went offline after silted floodwaters 
clogged its filters. The plant was out of action for days. The situation had caused the city of 
Brisbane to start drawing water from Gold Coast and Sunshine Coast reserves, and this 
necessitated the directive to residents to limit water use to 150ml/day. Also, heavy rains and 
unseasonably warm weather meant that Chilean water company Aguas Andinas in late 2012 had 
to temporarily close three of its water treatment plants because snowmelt caused landslides, 
flooding and heavy pollution of key rivers. Around half of the capital, Santiago, was said to be 
without water during the period. 
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On the other hand, sprawling urban demand for water as a result of sprawling population and 
urbanisation (social realm) may impact the ecological realm via excessive abstraction and the 
reclaiming and building of infrastructure on wetlands etc. Glaser (2006) makes a point in this 
regards using the Socio-Ecological system mind map espoused by (Gunderson and Holling, 1998; 
2002; Berkes and Folke, 1998; Berkes et al. 2003) arguing that it views human, societal and 
natural dynamics as part of one integrated system in which social-ecological interconnections are 
prominent and in which any delineation between social and natural systems is artificial and 
arbitrary (Berkes and Folke, 2002).  
This view was shared by Adger (2006) who also argues that the concept of a social-ecological 
system reflects the idea that human action and social structures are integral to nature and hence 
any distinction between social and natural systems is arbitrary. Berkes and Folke (1998) goes 
further to explain that the natural systems clearly refer to biological and biophysical processes 
while social systems are made up of rules and institutions that mediate human use of resources as 
well as systems of knowledge and ethics that interpret natural systems from a human perspective. 
A visual representation of the social-ecological systems concept is shown in Figure 3.1. 
 
Figure  3-1:  Social-ecological systems (Berkes and Folke, 2002) 
Figure 3.1 as described by Glaser (2006) is descriptive of the central role of social-ecological 
systems concept in social learning. Here, the components of the nested hierarchical structure of 
ecological and social-institutional systems are connected through ecological knowledge and 
understanding, which then translates into management practices.  
A variety of other drivers of social-ecological change are possible. Further to the foregoing, 
Sophocleous (2000) contends that for the institution or user to manage in an ecosystem context 
would imply that it has to think about the sustainability of the system – not just the fish, but the 
aquatic food chain; not just the trees, but the whole forest; not just the groundwater, but the 
running streams, wetlands, and all of the plants and animals that depend on them (Sophocleous, 
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1997; Sophocleous et al. 1998). However, this can extend to the dependent social system which 
will still be dependent on the ecosystem many years into the future. Whether these are abstracted 
directly from rivers, the underground aquifers (which are often in hydraulic conductivity with the 
rivers) etc. the action of taking water from these systems means that there is less in the natural 
environment, and less for native plants and animals that need it to survive. In order words water 
utilities abstracting, treating and distributing water in a city needs to set and collect appropriate 
tariffs in order to enable them keep-up this function.  
The foregoing argument thus underscore functionalism. The functionalist perspective  
emphasises the general idea of a society as a system on inter-related or inter-dependent parts. 
This perspective was propounded by foremost sociologists such as Herbert Spencer (1820 – 
1903) and Emile Durkheim (1858 -1917). The functionalist perspective focuses on the functions 
or consequences that a given element has in a society. All the three components here – 
ecosystem, institution and society - have various functions. While the society depends upon, buys 
and uses water services; the freshwater ecosystem provides the water resource in its raw nature; 
while the water utility taps and treats the raw water to provide clean water services. In turn the 
society depends on and uses this water to nourish itself, both economically and otherwise.  
Also, the water company provides employment for people, enabling them to earn a living and to 
draw a sense of identity from the work they do. These functions contribute to the stability of the 
social system as a whole. In the functionalist perspective, a society has an underlying tendency to 
be in equilibrium, or balance. According to Crossman (undated), functionalism interprets each 
part of society in terms of how it contributes to the stability of the whole society. And that the 
society is more than the sum of its parts; and that each part of society is functional for the 
stability of the whole society. From this perspective, disorganization in the system, such as 
deviant behaviour such as climatic hazards, leads to change because societal components must 
adjust to achieve stability. When one part of the system is not working or is dysfunctional, it 
affects all other parts and creates social problems, which leads to social change. The point here is 
the possibility of climate change and its associated risks becoming a deviant attribute capable of 
disruptive impacts on the functional roles of water utilities. Overcoming such potential threat 
requires system resilience. Also, Fitzhugh and Richter (2004), quoting Revenga et al.(2000), argue 
that human impacts on freshwater ecosystems intensified in the past century because of 
modifications such as dams and water diversion structures, which have become ubiquitous 
around the world.  
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But Pearson and Collins (2010) argues that an understanding of the resilience of the system, how 
much the system maintains current functions without changing or crossing a threshold, is 
informative to the decision making process. In effect resilience needs to be monitored, and doing 
this would require the setting of indicators (Ezeji, 2013). Pearson and Collins (2010) contend that 
the social-ecological system has the capacity to undergo change while still maintaining the same 
functions and feedbacks, or undertake similar water decision management approaches. 
Alternatively, the social-ecological system can transform, when a threshold is crossed, to a new 
regime with distinctly different functionality and different water management approaches will be 
used. The question is: can climate change or other extreme weather induced hazards change the 
functionality of the water utilities? The analysis is consistent with the classical human ecological 
literature from Park (1936) onwards which emphasized the interactions of the ecosystem with 
any or all of population, technology, organization and culture. 
3.4 Frame working the coupled socio-ecological concept 
Although, originally an ecological term (Holling, 1973), more recent interpretations of social-
ecological resilience integrate natural and social dimensions (Scoones, 1999; Peterson 2000; 
Adger et al. 2005). Bosher & Dainty (2011) suggests that the concept of resilience primarily 
emerged in research concerned with how ecological systems cope with stresses or disturbances 
caused by external factors (see Errington, 1953; Holling 1973; Blum, 1968), but has more 
recently been applied to human social systems (Manyena 2006), economic recovery (Rose, 2004), 
engineering (Hollnagel et al. 2006), urban planning and recovery after calamitous events (Vale 
and Campanella, 2005) and natural and social dimensions (Scoones 1999; Peterson 2000; Adger 
et al. 2005). But this paper approaches it from an organisational point of view, especially for one 
largely abstracting from nature. 
Three characteristics of social-ecological resilience as quoted by Wardekker et al. (2009) consists 
of first, the amount of change the system can undergo and still retain the same controls on 
function and structure; second, the degree to which the system is capable of self –(re) 
organisation to accommodate external changes and thirdly, the ability to build and increase the 
capacity for learning and adaptation. Furthermore in the interactions between the institution and 
the ecology/ecosystem, that element of uncertainty exists.  Secondly, that there is a threshold 
effect, beyond which risk or loss occurs (e.g. see Pearson and Collins, 2010).  
Finally, that the institution or ecosystem may bounce back in better shape or degrade i.e. 
emergent property. Combined, these underscore that resilient systems are imbued with the 
capacity conferred on them by their constituent properties which enables them to accommodate 
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perturbations and possibly bounce back in better state or status. These three fundamental 
elements associated with resilient thinking are (i) Uncertainty, (ii) Threshold effect and (iii) 
Emergent property (Noberg and Cumming,2008; Béné et al. 2011) are prevalent. The concept 
framework is designed using a 3 phase approach which has earlier been used in a different case 
by Andrew et al. (2007) and Béné et al. (2011). These stages are as shown in the research 
framework shown in Figure 3.2 
3.4.1 The First Phase                                                                                                                                             
The first stage involved an appraisal of the impacts of climate variability/extreme events on 
water utility operations and an understanding of these impacts (RQ1 and RQ2). Linked to these 
two questions is the uncertainty associated with risks (see Albert and Dorofee (2010) in section 
2.15). Hence, to proactively manage and mitigate these risks, utility management needs to know 
that uncertainty is associated with the nature and size of impact. In effect, what quality of 
knowledge exists for climate risk management? This is crucial in assisting the utility management 
to make choices required to deal with the uncertainty and potential for loss. Elsewhere 
management responses could be to invest heavily in science and information gathering (Walters 
and Hilborn, 1978) possibly to stabilise systems and reducing variability (Holling and Meffe, 
1996).This diagnostic feature of the first stage can be said to support the utility management to 
identify the particular risk and risk impacts in order to mitigate it (see Béné et al. 2007). By so 
doing, they avoid narrow definition of optimal management outcomes and instead aim to 
achieve a shared understanding of broadly acceptable directions and domains (Béné et al. 2007), 
and can also identify what must be avoided. Béné et al. (2007) suggests a participatory approach 
to diagnosis, and that the application of this participatory diagnosis reveals the diversity of issues 
that are important. Thus, the study adopts a participatory Delphi technique. The Delphi, 
otherwise known as expert judgment, refers to a variety of methods whereby especially well 
informed and experienced specialists (in this case utility specialists) are brought together to 
develop a consensus view. Expert judgment is at times used in anticipation of other types of 
approach in risk studies, and can be an aid in the design of such studies (Feenstra et al. 1998). 
Other factors that can influence the use of expert judgement includes limited budget, sub-sector 
studies, and infeasibility of any modelling (Strzepek et al. 1998), preliminary or pilot studies, 
rapid assessment and state of knowledge concerning likely impacts (Burton et al. 1998), and 
scarcity of data (Klein and Nicholls, 1998). A coterie of these factors influenced its use in the 
study. Section 4.4 describes the Delphi in greater details. 
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In using the Delphi technique an open-ended question was used to facilitate the generation of a 
wide array of response categories from the question: What are the observed climate change-related 
impacts or extreme events that are confronting utility water supply services?  Delphi process is usually 
conducted in rounds in order to identify (using descriptive tables) and rank (based on order of 
acceptance/agreement using the Likert scale which are later analysed to ascertain the mean) 
issues ranking very low on the consensus table with a view at removing them. The Delphi used 
for the study passed through 3 different rounds before consensus was established. In concluding 
or completing a Delphi process there is need to attain a consensus amongst the panel members.  
This is necessary to determine the extent to which the experts agree about a given issue (Jones 
and Hunter, 1995). However, Mitchell and McGoldrick (1994) argue that there was little 
agreement on what exactly constitute consensus. Kilner (2004) on the other hand argues that 
there is little guidance on the level of agreement required to claim consensus from Delphi. 
However, two indicators used to measure consensus for this study were; percentage of 
respondents agreeing on certain answer (Green and Price (2000); Hughes (2003); Reeto et al. 
(2004) and Padel and Midmore (2005); and; Standard Deviation values (Scholl et al. (2004), Feret 
and Marcinek (1999), Miller (2001) and Outhred (2001). The results are risks shown on Table 6.1. 
It is noted from table 6.1 that the study subsequently delineated the responses with 3 sub-
sections in order to have all the identified risks come under sub-sections that are representative 
of the enterprise system frame work (see: D’Arcy, 2001). A rectangular flat- board diagram seen 
in Figure 3.2 was developed to situate/locate the identified risk impacts where they originate and 
then also show their diffusion pathways across the 3 domain boundaries of Ecology (Upstream) 
–Intermediate (Institution) and – Social system/Stakeholders (Downstream).  Figure 3.2 
indicates that resilience is a systems concept and cannot be captured at the sub-system or 
component level alone but a sum of inter-dependencies. Related proposition has been made by 
Henriques and Richardson (2007).  
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Figure  3-2: Research framework showing risk diffusion in a coupled socio-ecological 
system                                                                                                                                                                  
Henriques and Richardson (2007) also argues that one of the key issues that often emerge is how 
to define boundaries of responsibility for individual organisations – across economic, legal and 
ecological systems.   Since the resource come from the ecology the study identified risks thereto 
as being upstream. Intermediate risks are those that obtain at the very point of linkage and 
consists for example institutions managing or regulating as well as technology being used for 
exploitation etc. 
A downstream risk on the other hand is synonymous to the social system and consists of risks 
manifest at the users’ realm. Risk diffusion is common across the strata; however, the rate of 
diffusion is dependent on extent of resilience. Also, the study notes arguments by Glaser (2006), 
Folke et al. 1998, and Gunderson and Holling 2002 on system potentials for configuration into 
desirable or undesirable states. However, the study asserts that the diffusion of risks across strata 
is a function of the nature and vitality of the intermediate risks. Reduction of the intermediate 
risk via utility enhanced competence as espoused by ecological knowledge and understanding 
which drives management decisions can greatly reduce, inhibit or retard the extent and rate of 
diffusion either way as shown in Figure 3.2. 
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Upstream Risks: These are so classified because they are risks that are mostly contiguous and 
endemic to the resource (often commonly known as hazard risk). In this context, a hazard is 
defined as the expressions of the earth’s physical processes (UNEP/ISDR, 2007). They directly 
impact utility water sources either in-situ or contiguous to it. Where they occur they constitute a 
challenge to utility operations. They are recorded to be happening with or without varying 
climate though could be exacerbated by it.                                                  
Intermediate Risks: These are mostly operational and financial risks that have to do with the 
day – to – day operations of the utility. They are mostly internal issues and are recorded to be 
happening with or without climate change.                                                                                                                                                                                                               
Downstream Risks: These are social issues related or driven risks that also impact on utilities 
(also known as strategic risks). They occur within the realms of the living environment. They are 
recorded to be happening with or without climate change. 
In the first stage, it is underscored that natural systems (for example as represented in upstream 
risks) refer to biological and biophysical processes while social systems (e.g. as represented by the 
intermediate stream) are made up of rules and institutions that mediate human use (e.g. as 
represented by downstream risks) of resources as well as systems of knowledge and ethics that 
interpret natural systems from a human perspective (Berkes and Folke, 1998). The concept of a 
social-ecological system reflects the idea that human action and social structures are integral to 
nature and hence any distinction between social and natural systems is arbitrary (Adger, 2006). 
Understanding how these three risk streams evolve and inter-mingle underscores coupled socio-
ecological risks for the study.  Also, given that a key element of socio-ecological resilience is the 
ability to adapt to new circumstances (Carpenter et al. 2001). 
But it is also observed that vulnerability as a dynamic phenomenon is also extant within the 
streams. This is underscored by O’Brien et al.(2005) who posits that vulnerability is often in a 
continuous state of flux at both the biophysical (as well as biological) and social processes that 
shape local conditions (e.g. manifest at all three streams) and the ability to cope are themselves 
dynamic (O’Brien et al., 2005). Adger (2006) notes 3 ingredients for any good policy intervention 
required to reduce vulnerability and these are: (1) The ability to identify vulnerabilities within 
social-ecological systems, (2) Ability to recognize the mechanisms which cause vulnerability in 
the first place (3) Redressing marginalization as a cause of social vulnerability, in other words, 
addressing the root causes of vulnerability.  
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Identifying vulnerabilities within the risk streams will significantly facilitate efforts aimed towards 
analysing and mitigating such risks in order to attain system resilience. For example, a well 
forested watershed can retard flood vulnerability upstream.   The diagram underscores that the 
ecology –institution-social systems are inseparable as they are in continual interaction. Based on 
the responses from the Delphi, a conventional questionnaire was designed. Unlike the preceding 
Delphi which identified and ranked the risks, the close-ended questionnaires rated the impacts of 
the risks. Unlike the Delphi, the questionnaires were directed at key utility personnel (not strictly 
experts) including however, a few of those who participated in the Delphi who still retained 
interest in continuing with the research process. A list of names of these key utility employees 
from each of the participating 4 utilities was obtained from the office of the Human Resources 
Manager or in some cases the General Managers of the selected 4 utilities. Unlike the Delphi, the 
questionnaire recorded response rate of a 100%, meaning that in effect 8 questionnaires were 
completed in each of the utilities hence generating a total of 32 questionnaires that were later 
analysed. The selection process and data analyses procedure are fully discussed in Chapters 4 and 
5. 
3.4.2 The Second Phase                                                                                                                                   
According to Thompson et al. (2009) the resilience of a forest ecosystem to changing 
environmental conditions is determined by its biological and ecological resources, in particular 
(i)the diversity of species, including micro-organisms, (ii) the genetic variability within species (i.e., 
the diversity of genetic traits within population of species) and (iii) the regional pool of species 
and ecosystems. Forest ecosystem resilience is also influenced by the size of forest ecosystems 
(generally, the larger and less fragmented, the better), and by the condition and character of the 
surrounding landscape. The regional impacts of climate change, especially interacting with other 
land use patterns, might be sufficient to overcome the resilience of even large areas of primary 
forests, pushing them into a permanently changed state (Thompson et al. 2009).  
Emergent from the foregoing is the concept of ‘‘thresholds’’. This is in tandem with seminal 
definitions of resilience e.g. Holling (1973) and Gunderson (2000) which underscores 
‘‘thresholds’’. Thus Scheffer et al. (2001) observation that some ecological systems have been 
observed to flip between alternative stable states, crossing thresholds that are sometimes difficult 
or impossible to reverse is plausible. Thus, acknowledging that critical thresholds may exist shifts 
some emphasis towards identifying these thresholds and either avoiding them or purposefully 
crossing them to navigate away from undesirable states, accepting that any decisions made may 
be irreversible (Béné et al. 2007). The challenge is to identify thresholds that are often cryptic and 
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difficult to recognise before they are crossed (Béné et al. 2007). Béné et al. (2007) argues that 
prioritising the identification of thresholds through science and data collection may not be 
justified when resources are needed for other things. Instead, using a participatory approach in 
which stakeholders themselves identify socially and culturally relevant thresholds and indicators 
may provide an alternative way of conceiving change in complex systems (Béné et al. 2007).  
Thus the second stage involved the identification of thresholds using possibly utility or water 
industry renowned performance indicators or those of the World Health Organisation (WHO) 
or even the National Water Quality Standards or any other applicable in the sector). Milman and 
Short (2008) define an indicator as something that ‘‘points out, or directs attention to something’’. On 
the other hand, Parris and Kates (2003, 4) posit that with respect to sustainability, indicators are 
defined more specifically as ‘‘quantitative measurements of progress toward or away from a stated goal’’, 
while McCool (2004, 3) simply defined metrics as the ‘‘status, trend or performance of underlying 
complex systems’’.  
However, few indicators measure response (Briassoulis, 2001) and even fewer link system 
responses to stresses with the resulting state of the system. Yet, it is the capacity to respond and 
the linkages between responses and outcomes that will likely lead to sustainability (Milman and 
Short, 2008) and for this study, this largely defines resilience. For resilience, the constituent 
responses and outcomes includes various adaptation and mitigation measures put in place to 
either manage the conventional utility risks or address emergent climate change and associated  
extreme weather events. However, Milman and Short (2008) posit that sustainability indicators 
are distinguished from other indicators by their need to measure the ability of a system to adapt 
to change and continue to function over a long time span. But a resilience indicator while sharing 
similar characteristics differs by its ability to illuminate thresholds and the emergence potentials.  
Sustainability is usually understood to be related to the ability of a system to maintain a desired 
state or function over time (Maclaren, 1996; UNDSD, 2005) and as such, it depends not only on 
the state of the system, but also on the attributes of the system that allow it to adapt to changes 
and absorb stresses on the system (Jeffrey et al. 1997). Resilience shares similar characteristics 
though differing by its tendency to possibly get better after emergence. In resilience, a system 
may concede to or inhibit configuration to other possible states.  
Quoting (Alberti, 1996; Azar et al. 1996; Lundin et al. 1997; Morrison et al. 2001; Carpenter et al. 
2001), Milman and Short (2008) argue that a useful measure of sustainability should not only 
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describe the state of the system but should also provide an early warning of problems by 
reflecting the ability of the system to absorb stresses and cope with change.  
The emerging responses to the questions under the RQ3 and RQ4 generated Table 3.1 and 
based on a comparison with known sector/utility performance indicators the utilities’ 
vulnerability was assessed. At this stage it became obvious that most of the identified risk or 
impact sources have no monitoring keys or indicators/ thresholds.  
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Table  3.1: Vulnerability indicator dashboard  
Domain Variable 
(risk) 
Omnibus 
Consequences  
Risk Source potential Key, Indicator or 
Thresholds 
Utility Status 
A B C D 
Upstream 
Source/Catchment 
(Ecosystem)-
Centred 
 
Natural 
Hazard 
 
Drought/pollution                  
High flood peaks  
Flood/Drought   
Treatment processes   
Low base flows, 
Pollution and high 
flood peaks 
Source Abstraction rate 
(cm/y) 
X X X X X 
Recharge rate   X X X X X 
Rainfall IDF X X X X X 
Flow variation (rate)    X X X X X 
Rate of deforestation/ 
Watershed’s  Ability to 
Produce Clean Water 
(APCW) 
X X X X X 
Water level of 
stream/rivers 
X X X X X 
pH <8 X X X X 
Intermediate 
 
Governance/ 
Institutional 
Assets and 
Infrastructure 
 
 
Financial  
and 
Operational 
Inadequate revenue 
generation              
Unreliable service 
Generally poor 
performance 
 
Non- Revenue Water (%) <10 80 29 85 - 
Water treatment 
efficiency 
X X X X X 
Staff per 1000 
connections 
<10 50 20 229 30 
Working ratio    0.5 1.18 1.12 1.55 - 
Energy Efficiency (%) X X X X X 
Bill Collection Efficiency 
(%) 
100 20 90 0 0 
Billing lag time 90 days 180 60 NA NA 
Downstream 
User/Stakeholders/ 
Distribution –
centred 
 
Strategic 
Low public 
perception 
Inadequate revenue 
generation    
Vandalism/theft   
Effective coverage of 
service area (%) 
100 21 39 10 30 
Waste management 
efficiency 
X X X X X 
Contract (procurement 
and services) 
transparency 
X X X X X 
Service area population Variable 1.6 1.2 2.1 0.7 
Water Demand Variable X X X X 
Customer/Stakeholder 
relations (Gender) 
Variable X X X X 
Monitoring rate of 
WDPN 
X X X X X 
Residual Chlorine 
(mg/litre) 
0.5 mg/litre. X X X X 
A-ISWC; B-CRSWB; C-RSWB and D-BYSWB 
114 
 
The Third Phase                                                                                                                                 
Emergent dynamics limit the extent to which we can reliably predict the results of management 
action (Béné et al. 2007). Thus the result/outcome of the comparisons in stage 2 is indicative of 
the utilities’ vulnerabilities and the glaring need for management action. Based on emerging 
responses from research questions 5 and 6 as derived from both the questionnaire and the 
Delphi; resilience strategies are designed and suggested in order to achieve the aim of the 
research. These are listed on Table 6.4. 
3.5 Research questions                                                                                                                           
The specific questions examined are:  
1) What are the impacts of climate variability/extreme events on water utility operations?                                                                                                      
2) How do key water utility staffs understand these impacts?                                             
3) What is the extent of utility vulnerability?                                                         
4) What are current utility efforts to address these vulnerabilities?                              
5) How appropriate are identified approaches?                                                              
6) What appropriate adaptation measures can be suggested? 
3.6 Chapter summary                                                                                                                            
This chapter has provided the basis upon which risk impacts such as those of climate variability, 
extreme events and associated risk could be identified, analysed and managed. This structure 
resembles those of a typical risk framework and its steps. By coupling the social and the 
ecological realm, it facilitates the identification of vulnerabilities across the entire system hence 
helping to recognise the mechanisms which cause vulnerability in the first place. The next 
chapter progresses from here to report on the research design and methodology that was used to 
collect relevant data deployed to answer the research questions. 
  
 
 
 
115 
 
4 CHAPTER FOUR 
RESEARCH DESIGN AND METHODOLOGY 
4.1 Introduction   
This chapter discusses the logical steps linking the research instrument, data collection, analysis 
and the conclusion of the study. The chapter is organised into sections and sub-sections with 
headings to ease reading. Section 4.1: introduces the chapter. Section 4.2: discusses the research 
design and the rationale and philosophy behind its adoption. Section 4.3: discusses the research 
methodology and the technique adopted in collecting data. The following sections 4.4 -4.7 
discusses in detail the Delphi technique, questionnaire survey, interview survey and a listing of 
strategic documents reviewed. A brief introduction of the analysis process for each of the 
primary data collection tools is also discussed. The chapter ends with a chapter summary. 
4.2 Research Design                                                                                                                                                                                                
According to Yin (2003), a research design is essentially a logical sequence of steps linking a 
study’s initial research questions to the empirical data collected and, ultimately, to its conclusions.  
However, Forza (2002) limits his definition of a research design to the activities that precede data 
collection. In designing the research, he explains that the researcher should consider all of the 
possible shortcomings and difficulties and should find the right compromise between rigor and 
feasibility. Planning all of the future activities in a detailed way and defining documents to keep 
track of decisions made and activities completed are necessary to prevent subsequent problems 
(Forza, 2002). Also, Kumar (1999) defines a research design as a plan, structure and strategy of 
investigation so conceived as to obtain answers to research questions or problems. He explains 
that a research design is a procedural plan that is adopted by the researcher to answer questions 
validly, objectively, accurately, and economically. Kumar (1999) argues that the plan is the 
complete scheme or program of the research. And quoting Kerlinger (1986), Kumar (1999) 
further explains that it includes an outline of what the investigator will do from writing the 
hypothesis and their operational implications to the final analysis of data. However Thyer (1993) 
had defined a traditional research design as a blueprint or detailed plan for how a research study 
is to be completed such as operationalizing variables so that they can be measured, selecting a 
sample of interest to study, collecting data to be used as a basis for testing hypothesis, and 
analyzing the results.  
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4.2.1 Choosing a strategy of enquiry                                                                                                              
The research design was influenced by a number of considerations. For example, by attempting 
to describe systematically a situation, problem, and service level of public water supply utilities in 
a delta setting, this research could be described as a descriptive research. But beyond this, it is 
also basically a combination of descriptive, correlational and explanatory research.  Alternatively, 
it could be described as an applied research because it applies a combination of techniques and 
procedures that constitute the research methodology in the collection of data about various 
components of specific issues or problems (climate associated risks) being studied within the 
scope of water supply utilities in urban Niger Delta, eastern Nigeria. This should aid existing 
knowledge, support policy formulation, administration, general understanding and performance 
improvement. Also considered was the possibility of the research having elements of both 
quantitative and qualitative research, then becoming a mixed research. In this approach the 
researcher tends to base knowledge claims on pragmatic grounds (e.g., consequence-oriented, 
problem centered, and pluralistic), employing a strategy of inquiry that involves collecting both 
qualitative and quantitative data, either sequentially or simultaneously in order to provide a better 
understanding of the research problem (Mugabi, 2007).  
Creswell (2003) defines a quantitative research as one in which the researcher uses post-positivist 
claims of developing knowledge (i.e. cause and effect thinking, reduction to specific variables, 
hypotheses and questions, use of measurement and observation, and the test of theories), 
employs strategies of inquiry such as experiments and surveys, and collects data on 
predetermined instruments that yield statistical data.  
Quantitative research is however referred to as ‘Positivistic’ (e.g. Filmer et al. 1972) based on the 
claims of critics that it ignores the differences between the natural and social world by failing to 
understand the  ‘meanings’ that are brought to social life (Silverman. 2002).  According to 
Silverman (2002), Marsh (1982) disagrees with the attribution of ‘Positivist’ tag on quantitative 
researchers. Instead, most quantitative researchers would argue that they do not aim to produce a 
science of laws (like Physics) but aim simply to produce a set of cumulative generalizations based 
on the critical sifting of data i.e. a ‘science’ (Silverman, 2002). On the other hand, Creswell (2003) 
defines a qualitative research as one in which the researcher makes knowledge claims based 
either on constructed social and historical meanings of individual experiences (constructivist 
perspective) or advocacy/participatory perspectives (i.e. political, collaborative or change 
oriented) or both. According to Creswell (2003), it employs strategies of inquiry such as 
narratives, phenomenology, ethnography, grounded theory and case studies, and the researcher 
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mainly collects open-ended, emerging data with the primary intent of developing themes from 
that data. Silverman (2002) further argues that qualitative researchers often assume that a 
dependence on purely quantitative methods may neglect the social and cultural construction of 
the ‘variables’ which qualitative research seeks to correlate. Kirk and Miller (1986) as quoted by 
Silverman (2002) argues that the survey researcher who discuses, as is common in qualitative 
research is not wrong to do so. Rather, the researcher is wrong if he or she fails to acknowledge 
the theoretical basis on which it is meaningful to make measurements of such entities and to do 
so with survey questions. According to critics of quantitative research as quoted by Silverman 
(2002) earlier,  much quantitative research leads to the use of a set of ad hoc procedures to 
define, count and analyze its variables (Blummer, 1956; Cicourel, 1964; Silverman, 1975). 
Kumar (1999) further suggests that a researcher’s philosophical orientation may stem from one 
of the two paradigms in research – Positivism and Naturalism – as well as the academic 
discipline in which the researcher has been trained. In the context of this study and as discussed 
in section 4.3, the case study methodology has been used. Key factors that influenced this choice 
were derived from Yin (1994, 2003). While Yin (2003) proposes the case study methodology as 
preferable based on its usefulness in examining contemporary events as its relevant behaviors 
cannot be manipulated. However, on the other hand, Yin (1994) underscores six sources of 
evidence for data collection in the case study methodology, asserting that using multiple sources 
of evidence guarantees construct validity. Also, aiding this process was Kumar (1999) postulation 
that a research process undergoes three cardinal steps: - 
1. Undertaken within a framework of a set of philosophies                                                                         
2. Uses procedures, methods and techniques that have been tested for their validity and 
reliability. 
3. Designed to be unbiased and objective.            
4.2.2 Sampling design                                                                                                                         
The study recognizes that Niger Delta region of Nigeria is made up of 9 political units (states), 
and each of these states has a major urban center (the state capital). Also, of these 9 utilities, 2 
are inland states while the remaining 7 are coastal states. Choosing or selecting 4 out of these 9 
urban centers with features that are representative of the rest was a necessary task in order to 
compare and contrast emerging research findings across boundaries if necessary. Making a 
representative case study from this scenario was a task that acknowledges that generalization is 
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not always possible (Bell, 2005) though Descombe (1998) makes the point that the extent to 
which findings from the case study can be generalized to other examples in the class depends on 
how far the case study example is similar to others of its type. Drawing from this arguments the 
four utilities selected in the delta as listed was based on a cross sectional representation of the 
distinct geographical locations on a typical compass of their locations on the North – South – 
West and East poles. 
The act of sampling is the process of selecting sufficient number of elements from the 
population so that by studying the sample, and understanding the properties or the 
characteristics of the sample subjects, the researcher will be able to generalize the properties or 
characteristics to the population elements (Forza, 2002).  Sampling overcomes the difficulties of 
collecting data from the entire population which can be impossible or prohibitive in terms of 
time, costs and other human resources hence the sampling frame of eligible cities was stratified 
according to geographical location - Western, Eastern, Northern and Southern areas as shown in 
Table 4.1. 
Table  4.1: The states within their geographical locations 
North Imo and Abia States 
South Rivers State 
East Cross River and Akwa Ibom States 
West Edo, Bayelsa, Delta and Ondo states 
                                                                                                                                                            
The rationale for using geographical location as a characteristic for stratification was to increase 
representativeness in a broad range varying ecological niches typical of a delta environment such 
as the Niger Delta.  In view of the setting of the study area, this study has made selection of the 
chosen utilities based on a stratified random selection. Stratified random sampling often consists 
of dividing of the population (one is interested in studying) into strata and a random selection of 
subjects from each stratum. Stratified random sampling according to Rowntree (2000) is a 
sample collection process whereby the researcher realises in advance that different groups within 
the population (e.g. different sexes, different age-groups, and different income-levels) may differ 
also in the characteristics he is interested in. The researcher states in advance the number of men 
and women, adults and children, rich and poor, that he needs in his sample. He then proceeds to 
choose randomly from within those groups (or strata) in the population. This study adopts this 
process; recognising the variations between the water utilities in the delta in terms of their coastal 
locations and water sources (ground water or surface water). It therefore chose four utilities out 
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of the entire 9 in Table 4.1 based of their geographic representativeness as shown in Table 4.2. It 
randomly selects therefrom the groundwater and the surface water dependent utilities.  
Table  4.2: Stratified random selection of utilities 
Utility Rationale for selection 
 
Imo State Water Corporation 
(ISWC) 
Selected to represent utilities on the Northern part of the Niger Delta 
 
Rivers State Water Board 
(RSWB) 
Selected to represent utilities on the southern part of the Niger Delta 
 
Cross River Water Board Ltd 
(CRWB) 
Selected to represent utilities on the eastern part of the Niger Delta 
 
Bayelsa State Water Board 
(BSWB) 
Selected to represent utilities on the western part of the Niger Delta 
 
 
Forza (2002) argues that strata are identified on the basis of meaningful criteria like industry type, 
size, performance, or others. This procedure ensures high homogeneity within each stratum and 
heterogeneity between strata. Stratified random sampling allows the comparison of population 
subgroups and allows control for factors like industry or size which very often affect results. 
Also, the use of structured questionnaires and interviews for the case studies adheres to de Vaus 
( 2001) suggestions that it is essential that the data obtained constitutes a  structured set to enable 
systematic comparisons between cases, or groups of cases. The result was that utilities that were 
finally selected based on a stratified random sampling were representative as summarized in 
Table 4.3: 
Table  4.3: Distribution of the utilities in the study area 
Inland utilities Coastal utilities 
1. Imo State Water Corporation 
(ISWC), Owerri  
 
2. Cross River State Water Board Limited (CRSWBL),Calabar 
3. Rivers State Water Board (RSWB), Port Harcourt 
4. Bayelsa State Water Board (BSWB), Yenagoa 
                                                                                                                                          
4.2.3 Risk Management Plan                                                                                                                 
In developing the research design for this study, a thorough and most detailed consideration has 
been made of the suitability of the survey method and the overall feasibility of the research 
project. A preliminary risk assessment was carried out with appropriate mitigating steps as shown 
in Table 4.4: 
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Table  4.4: Research Risk Management Plan 
Risk Contingency Plan Reality 
1. High cost and general resource 
requirement of effectively 
covering the 4 utilities planned to 
be studied. 
Limit survey to only 2 utilities if 
necessary 
The study covered the 4 utilities 
as originally planned. 
2. Inefficient data collection 
instruments. 
Classifying information items by 
priority in order to select what 
questions to eliminate 
Used a combination of methods 
3. Inadequate sample selection or 
auto-selection effects 
To use stratified random 
sampling across the 4 major 
ecological zones in the study area 
Used stratified random sampling 
4. Ambiguity of directly 
obtaining questions relevant to 
the study. 
To directly harness expert 
opinion by using the Delphi 
technique in interviewing key 
utility personnel. 
Used the Delphi technique  
5.Measurement error Detailed pre-testing and piloting 
of measurement instrument. 
Detailed pre-testing and piloting 
of all measurement instruments 
used. 
6.Difficulty in assessing data in 
three or all of the planned 
utilities 
A switch over to the Lagos State 
Water Corporation and 
redefining the research within 
Nigerian coastal line impacts 
instead of delta impacts 
Difficulties overcame as data 
were adequately collected as 
designed. 
 
Time, costs and general resource requirements were also noted as factors that can constrain any 
survey project, forcing a less expensive type of survey or, in the extreme, making it unfeasible. 
Other possible constraints are the accessibility of the population and the feasibility of involving 
the right informants. This study acknowledges Forza (2002) that in survey research that there is a 
trade-off between time and cost constraints, on the one hand, and minimization of four types of 
error, on the other hand. Forza (2002) notes four types of error as follows: 
1. Sampling error:  A sample with no (or unknown) capability of representing the 
population (because of inadequate sample selection or because of auto-selection effects) 
excludes the possibility of generalizing the results beyond the original sample.                                                                                                                                                            
2. Measurement error: Data derived from the use of measures which do not match the 
theoretical dimensions, or are not reliable, make any test meaningless.                                                                                                                                                     
3. Statistical conclusion error: When performing statistical tests there is a probability of 
accepting a conclusion that the investigated relationship (or other effects) does not exist 
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even when it does exist.                                                                                                                                     
4. Internal validity error:  When the explanation given of what has been observed is less 
plausible than rival ones, and then the conclusions can be considered erroneous.                                                                                                                                              
While dissatisfaction with the above mentioned constraints could halt the survey research, failure 
to minimize all of the above four errors can lead to erroneous conclusions (Malhotra and 
Grover, 1998) as quoted by Forza (2002).  
To evaluate adequately the tightness of the constraints, this study identifies the main information 
needs (such as time horizon, information nature etc.) which flows from the stated objectives and 
purposes of the study. To prevent problems and to assure the quality of the research process, 
careful planning of the survey research process was carried out. A very detailed effort has been 
exerted on selecting the sample population as well as ensuring that the survey instrumentation 
and procedures are correct and adequate. This effort has been made bearing in mind that 
decisions made during the early steps affect the choices remaining at the later steps. For these 
reasons, major decisions about data collection (telephone and mail) and time horizon (cross-
sectional or longitudinal) has been properly considered prior to designing and selecting a sample 
and constructing the questionnaire and other material. According to Forza (2002) it is important 
to match the capabilities and limitations of the data-processing methods with the sampling and 
instrumentation.  
Another important factor considered at the research design stage was the unit of analysis. Forza 
(2002) refers the unit of analysis to the level of data aggregation during subsequent analysis. The 
unit of analysis in qualitative studies may be individuals, groups, plants, divisions, companies, 
projects, systems, etc. (Flynn et al. 1990). For this study, the unit of analysis is the institutional 
level of the four water supply utilities selected. Forza (2002) advises that it is necessary to 
determine the unit of analysis when formulating the research questions and make them to move 
in tandem with the overall research design. Data collection methods, sample size and even the 
operationalization of constructs may sometimes be determined or guided by the level at which 
data will be aggregated at the time of analysis (Sekaran, 1992).Not having done so in advance 
may mean that later analyses , appropriate for the study, cannot be performed (Forza, 2002).  
Also, Dansereau and Markham (1997) argue that when the level of reference is different from 
the unit of analysis the researcher will encounter the cross-level inference problem, i.e. collecting 
data at one level and interpreting the result at a different level. If data are collected, or analyzed, 
at group level (for example at plant level), and conclusions are drawn at individual level (for 
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example at employee level), the researcher will encounter the ecological fallacy problem 
(Robinson, 1950; Babbie, 1990). The issue of cross-level inference becomes more important 
when more than one unit of analysis is involved in a study (Babbie, 1990).  
4.3 Research Methodology and Techniques adopted                                                                            
4.3.1 The Case study Methodology:                                                                                                                                                         
The overarching research strategy used in designing this study is the case study methodology. 
This strategy defines the step-by-step process at which this study proceeds in finding answers to 
the six research questions that underpins this study. This is very much in tandem with Punch 
(1998) definition of a research strategy as a set of ideas by which a study intends to proceed in 
order to answer its research questions. Authors such as Punch (1998), de Vaus (2001) and Yin 
(2003) agrees on the five main types of research strategies, which include: experiments, survey, 
and analysis of archival records, history and case studies. However, the data collection tools used 
for the study are shown in Table 4.5 (the strengths and weaknesses of each of these tools are 
highlighted in Table 4.6).                                                                                                                                                                                                                    
Table  4.5: Application of data collection tools 
Research aim:  
The main aim of the study is to assess the preparedness for increasing resilience of water utilities in the Niger Delta to the 
impacts of extreme weather events and develop adaptation strategies to increasing resilience. 
 
  
Use of 
Delphi 
Semi-structured 
interview 
Structured 
Questionnaire 
Document 
review 
What are the impacts of climate 
variability/extreme events on water utility 
operations? 
 
* 
  
            * 
 
              * 
How do key water utility personnel understand 
these impacts? 
  
              
              
 
               * 
 
            * 
 
               
What is the extent of utility vulnerability?             
            
 
               * 
 
            * 
 
               * 
What are current utility efforts to address these 
vulnerabilities? 
 
              
 
               * 
 
            * 
 
               * 
How appropriate are identified approaches?  
               
 
               * 
 
            * 
 
                
What appropriate adaptation measures can be 
suggested? 
 
 
       *    
 
               * 
          
            * 
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Table  4.6: Strengths and weaknesses of the data collection tools used 
Tool Strength Weakness 
Delphi  (Primary) i) ‘Hybrid’ nature that rotates 
within qualitative and 
quantitative. 
ii)Can be administered by mail or 
hand 
iii)Has features of anonymity 
iv)Ability to generate consensus 
v)Questionnaire not difficult to 
develop 
i) Lack of accountability of information given 
by respondent since anonymity is maintained. 
ii)Difficult to administer where experts are 
unwilling to commit to the entire process. 
iii) Response rate may diminish as it 
progresses 
Semi-structured Interview  
(Primary) 
i) Gives room for follow-up 
questions where necessary. 
ii) Gives room for extra 
information not included in the 
interview schedule. 
iii)Uses interview schedule more 
as an interview guide – hence 
permitting flexibility 
iv)Responses are directly written 
by interviewer 
i) Questions not listed in the interview guide 
may become difficult to analyse as they often 
deviate from uniformity. 
ii)Possibility of investigation bias. 
iii)Time consuming and expensive. 
iv)Quality of data is generally dependent on 
skill of interviewer 
Structured Questionnaire 
(Primary) 
i) Has various administration 
methods e.g. could be mailed, 
administered on a collective 
situation, and or administered in 
a public place. 
ii) Questions can be explained. 
iii) Information can be 
supplemented. 
iv)Gives room for in-depth 
information 
i)Possibility of confusion and 
misunderstanding if questions are unclear 
and difficult to understand. 
ii)Difficult to apply to illiterates 
iii)Requires skills to prepare, pre-test, validate 
and analyse etc. 
Document Review (Secondary) i) Possibility of sign-posting or 
giving insight or follow ups to 
enrich study. 
ii)Opportunity for broader 
background details. 
iii)Possibility of indicating vital 
trend in study area. 
iv) May be relatively cheaper to 
obtain. 
i) At times difficulties of access to certain 
documents may exist. 
ii) Quality of available data may not be 
appropriate. 
iii) Validity and reliability of accessible 
documents may not be good. 
iv) Possibility of bias e.g. Newspaper articles 
etc.  
 
However, much earlier, Yin (1994) had suggested four likely applications for use of a case study 
methodology and these includes: to explain complex causal links in real-life interventions; to 
describe the real-life context in which the intervention has occurred; to describe the intervention 
itself, and to explore those situations in which the intervention being evaluated has no clear set 
of outcomes. Yin (2003) posited in no uncertain terms that the selection of a research strategy is 
often determined by three key conditions: 
1) The type and form of research questions posed;  
2) The extent of control a researcher has over actual behavioral events; and  
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3) The degree of focus on contemporary as opposed to historical events.  
Exploratory, Explanatory, and Descriptive case studies were identified as specific types of case 
studies by Yin (1993). While explanatory case studies are applicable in causal investigations; the 
descriptive case studies often requires a descriptive theory to be developed before starting the 
study (Tellis, 1997). However, this study deploys the exploratory case study which according to 
Tellis (1997) is sometimes considered as a prelude to social research. In all of these case studies 
according to Tellis (1997), there can be single-case or multiple –case applications. The multiple- 
case application was earlier described by Stake (1995) as the collective case study, which applies 
when a group of cases is studied. This definition relates to this study which is studying 4 cases in 
detail. Bell (2005) recognizes that all organizations and individuals have their common and/ or 
unique features. This also applies to water supply utilities as well as delta environments. The use 
of the case study method in this research enables the study to identify such features as 
recognized by Bell (2005), and also to identify or attempt to identify the various interactive 
processes at work, show how they affect, and influence the operations and functions of water 
supply utilities in the study area.  
This has been so adopted because the study recognizes that the Niger Delta has over 30 urban 
centers and nine major state capitals with a population estimated at well over 30 million. The use 
of the case study approach here helps as a means of identifying key issues which merit further 
investigation (Bell 2005). Yin (2003) underscores that the case study methodology is preferred in 
examining contemporary events, but especially when the relevant behaviors cannot be 
manipulated. Also, Yin (1994) cites six sources of evidence for data collection in the case study 
methodology - documentation, archival records, interviews, direct observation, participant 
observation, and physical artefacts, and that not all need to be used in every case study. However, 
he asserts that using multiple sources of evidence is the way to ensure construct validity.  
Furthermore, Yin (2003) suggests that experiments, history and case study strategies are suitable 
for “how” and “why” questions. And for the “what” question he suggests a survey or an archival 
research strategy. A closer scrutiny of Table 4.7 shows that a combination of the ‘’What’’ and 
‘’How’’ questions exists in the research instrument of this study, hence underscoring data 
collection technique as being the most important denominator in this context.  
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Table  4.7: Relevant situations for different research methods as suggested by Yin (1994) 
Method Form of Research 
Question 
Requires control over 
behavioural events? 
Focuses on 
contemporary events? 
Experiment How, Why Yes Yes 
Survey Who, What, Where, 
How many, How much 
No Yes 
Archival Analysis Who, What, Where, 
How many, How much 
No Yes/No 
History How, Why No No 
Case study How , Why No Yes 
 
This is most evident from the principal data collection technique used - the questionnaire survey. 
Yin (2003) suggestion of a survey research strategy for answering the ‘’What’’ question could be 
further explained with Fink (1995) identification of  four types of data collection methods which 
are appropriate for survey studies and these according to him includes use of questionnaires; 
interviews; structured record reviews; and structured observations. The use of questionnaires, 
interviews and structured record reviews in this study strengthens and lends credence to the 
validity of the strategy used in answering the ‘’what’’ questions of this study.  
Cottrell (2005) posits that often the ‘‘what’’ question signposts an argument or need for one, and 
that an argument requires the presentation of reasons to support your position or point of view. 
It is noted that these ‘’What and How Questions’’ underpins the impacts of ‘‘Climate and 
associated risks’’ and responses for each of the urban water utilities and are necessary in order to 
enable a thorough and intensive data analysis and generalizations that could be applied to other 
parts of the delta not studied. Yin (2003) suggestion that the case study is preferred in examining 
contemporary events especially when the relevant behaviors cannot be manipulated is apposite 
here as these events are both contemporary and cannot be manipulated by the researcher. 
According to Tellis (1997) the ‘‘What Questions’’ justifies an exploratory study. Examples of 
such questions include – What are the impacts of climate variability/extreme events on water utility 
operations? On the other hand, the ‘‘How Questions’’ justifies or makes the study explanatory. 
Examples of such questions include: How do key water utility staffs understand these impacts?                           
Also, Table 4.8 shows the number of respondents and the process and duration of completing 
the interviews, questionnaires, Delphi techniques and document reviews as components of the 
case study methodology in answering the ‘‘What and How Questions’’ upon which the entire 
study is founded and also as a means of triangulation.  
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Table  4.8: Case Study Methodology 
        Case Study Methodology 
Technique 
used to obtain 
data 
Comment Number of respondents Duration of 
exercise in weeks 
 
Questionnaire 
survey 
(Structured) 
Principal data collection technique used 
though was preceded by a Delphi process. 
8 respondents each (=32 
from utilities  
  
4 – 12 Weeks 
 
Interviews                    
(Semi-
structured) 
Supporting technique A total of 40 persons  
4 – 10 
Weeks(Concurrently) 
 
Document 
Review 
Supporting technique A total of 25 strategic 
documents including Utility 
Business Plans, consultants 
and contractors reports 
 
10 – 16 
Weeks(Concurrently) 
 
Delphi 
A three round process that opened the data 
collection process. It had 5 expert staff from 
each utility and 7 expert consultants and/or 
contractors.   
 
1st Round:27 Experts 
 
12 – 16 Weeks 
(Concurrently) 2nd Round: 27 Experts                 
3rd Round: 25 Experts 
 
 
The use of structured questionnaires and interviews for the case studies adheres to de Vaus( 
2001) suggestions that it is essential that the data obtained constitutes a  structured set to enable 
systematic comparisons between cases, or groups of cases. It needs to be noted that while 
Kumar (1999) defines the case study methodology as an approach to studying a social 
phenomenon through a thorough analysis of an individual case, authors such as Feagin et al. 
(1991), describe it as an ideal methodology when a holistic, in-depth investigation is needed. 
However, Tellis (1997) explains that a case study is normally designed to bring out the details 
from the viewpoint of the participants by using multiple sources of data. 
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Yin (1994) suggested using multiple sources of evidence as the way to ensure construct validity. 
This study deploys multiple sources of evidence derived from a combination of techniques; 
questionnaire survey instruments, interviews, Delphi and documents review. As a triangulated 
research strategy (Tellis, 1997); the case study methodology used in this study leverages 
triangulation. Research protocols that are used to ensure accuracy and alternative explanations 
are called triangulation (Stake, 1995). Triangulation can occur with data, investigators, theories, 
and even methodologies (Feagin et al.1991). The need for triangulation arises from the ethical 
need to confirm the validity of the processes; and for case studies, Yin (1984) argues that this 
could be done by using multiple sources of data. In case studies, data collection should be treated 
as a design issues that will enhance the construct and internal validity of the study, as well as the 
external validity and reliability (Yin, 1994). 
Also, Tellis (1997) argues that the unit of analysis is a critical factor in the case study. And for 
this study, the water supply utilities constitute the unit of analysis. Since case studies tend to be 
selective, focusing on one or two issues that are fundamental to understanding the system being 
examined (Tellis, 1997); this study aims to understand the impacts of Climate risks on operations 
of these utilities with a view at improving performance. To achieve this, all data relevant to the 
four utilities were gathered and organized in terms relevant to the research focus in this context. 
This is expected to provide an opportunity for an intensive and thorough analysis of many 
specific details. Tellis (1997) further argues that selecting cases must be done so as to maximise 
what can be learned in the period of time available for the study, this study has used stratified 
sampling to select 4 cases.  
4.4 The Delphi Technique                                                                                                                                        
The main aim of the study is to assess the preparedness for increasing resilience of water utilities 
in the Niger Delta to the impacts of extreme weather events and develop adaptation strategies to 
increasing resilience. These utilities are both public and private institutions (including a 
combination of both) generating and supplying drinking or domestic water. Four urban water 
utilities in the delta region were studied. It is noted that  Feenstra et al. (1998) posits that focusing 
on a region or a river basin allows for more in-depth analysis, and that typically the trade-off is 
between depth and breadth. Unravelling concerns associated with the aim of this study requires 
an assessment of the state of knowledge concerning the likely impacts of climate variability or 
extreme events, and to achieve this, a solicitation of the judgment and considered opinion of 
experts in this and related fields is adopted. Feenstra et al. (1998) suggests five approaches which 
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can be applied as investigative techniques while casting more light on the potential impacts of 
climate change driven extreme events.  
Among the five is expert judgment, and this refers to a variety of methods whereby especially 
well informed and experienced specialists are brought together to develop a consensus view. 
Expert judgment may be used in anticipation of other types of approach, and be an aid in the 
design of such studies (Feenstra et al. 1998). Other factors that can influence the use of expert 
judgement includes limited budget, sub-sector studies, and infeasibility of any modelling 
(Strzepek et al. 1998), preliminary or pilot studies, rapid assessment and state of knowledge 
concerning likely impacts (Burton et al. 1998), and scarcity of data (Klein and Nicholls, 1998).  
Expert judgement was used by Nun et al. (1994) for the coastal impact assessment in Fiji. A 
similar approach has been used by Hersh and Wernstedt (2001) and Danilenko et al. (2010) to 
assess utility vulnerabilities to climate change induced extreme events. Other literatures 
supporting the use of expert knowledge as used for this study are well documented in UNFCCC 
(2005).  Also, the use of expert judgement can also be formalised into a quantitative assessment method, by 
classifying and then aggregating the response of different experts to a range of questions (Burton et al. 1998, 7). 
Based on this suggestions, the variables used for this study, will be mostly categorised as hazard 
and vulnerability variables (as shown in Table 6.2) and expressed in quantitative terms to enable 
a test of significance. The outcomes are findings that will be expressed in more precise terms. 
4.4.1 Understanding the Delphi                                                                                                                                
One appropriate research technique that explores expert knowledge is the Delphi. Clayton 
(1997) explains that the derivation of the term ‘Delphi’ relates to the ‘Delphic Oracle’, an ancient 
Greek myth which held that a ‘chosen one’ on the island of Delphi was able to predict the future 
with infallible authority. Delphi was originally used to forecast technological developments 
(Clayton, 1997); thus, like the oracle, it was used to look into the future.  
The use of Delphi evolved from experimental research conducted by Dalkey and Helmer (1963) 
while working for the RAND Corporation. Called Project Delphi, the initial experiment ‘was 
designed to apply expert opinion to the selection, from the viewpoint of a Soviet strategic 
planner, of an optimal U.S. industrial target system and to the estimation of the number of 
atomic bombs required to reduce the munitions output by a prescribed amount’(Clayton, 1997). 
Also, Clayton (1997) explains that subsequent research has seen the Delphi technique used to 
generate ideas and forecast changes for a wide variety of purposes , such as institutional planning 
(Uhl, 1983); identifying features of effective in-service practices (Van Tulder et al. 1988), 
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identifying competences (Clayton, 1992; Cannon et al. 1992; Smith and Simpson, 1995; Thach 
and Murphy, 1995).                                                                                                      
4.4.2 Types of Delphi                                                                                                                                        
According to Linstone and Turoff (1975), there are three types of Delphi:  
1) Conventional Delphi                                                                                                                                                    
2) Real-time   Delphi                                                                                                                                                    
3) Policy Delphi  
In conventional Delphi, a team designs a questionnaire which is sent to a larger respondent 
group (Clayton, 1997). After the questionnaire is returned, the monitor team summarizes the 
results and based upon the results, develops a new questionnaire for the respondent group 
(Linstone and Turoff, 1975). The respondent group is usually given at least one opportunity to 
re-evaluate its original answers based upon examination of the group response (Linstone and 
Turoff, 1975).  
Real-time Delphi, according to Linstone and Turoff (1975), differs from conventional Delphi in 
that, rather than taking weeks to conduct the process, it occurs during the course of a meeting or 
conference.  
In policy Delphi, the decision-maker is not interested in having a group generate his decisions, 
but, rather in having an informed group present all the options and supporting evidence for 
his/her consideration (Linstone and Turoff,1975). The policy Delphi is not a mechanism for 
making decisions as generating consensus is not the prime objective (Clayton, 1997).    
It needs to be noted, however, that the study used the conventional Delphi based on a 
consideration of purpose of study, cost and other logistics in view of the location of the experts 
and time available for the study.  
4.4.3 Why the study used Delphi?                                                                                                                                               
1. As a ‘’hybrid’’ research method:                                                                                                                 
By virtue of the fact that this study employs a strategy of inquiry that includes the collection of 
both qualitative and quantitative data (e.g. using interviews and questionnaires etc.), either 
sequentially or simultaneously vital in unraveling the research problem it overtly requires a 
research tool that have similar features, and Delphi offers that(see Mullen, 2003;and Sourani, 
2008) . However, Delphi has traditionally, often been viewed as a qualitative tool by many 
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authors such as  Padel and Midmore (2005); McCarthy and Atthirawong (2003); Henchion and 
McIntyre (2005);and  Feret and Marcinek (1999). In particular, McCarthy and Attirawong (2003) 
argue that Delphi is primarily a qualitative knowledge elicitation approach that focuses on using 
an expert panel to arrive at a consensus of opinion. It is not designed for advanced statistical 
analysis and does not, in itself, show relationships or interactions between factors. However, 
authors such as Critcher and Gladstone (1998) as quoted by Mullen (2003), clearly indicates that 
beyond being qualitative that Delphi has the potential to produce quantitative or semi-
quantitative data.   
Also, Sourani (2008) points out that Delphi shares some features with traditional quantitative 
techniques such as questionnaire surveys and that the potential of the technique to provide 
quantitative results indicates whether consensus can be achieved. The author therefore describes 
this position of Delphi within the qualitative/quantitative debate as ‘’hybrid’’; explaining that this 
places it in an ideal situation for use as it extends across the boundary between qualitative and 
quantitative methods.  Sourani (2008) further argues that Delphi is ideal to use in situations 
which involve little established quantitative data and which are specific to certain context.   
2. To harness expert knowledge as a consensus in a cost effective manner:                                                                                                            
Selecting and pooling experts judgment to answer research questions, solve problems or design 
pathways out of logjams without incurring so much expense offers Delphi one of its great 
attributes. This was one factor underpinning use of Delphi for this study. Clayton (1997) 
supports this position by arguing that that Delphi provides a communication medium whereby 
individuals can participate without needing to travel, often long distances, to a group meeting 
place. Clayton (1997) further argues that the Delphi technique tries to obtain the most reliable 
consensus of opinion of a group through a series of intensive questionnaires interspersed with 
controlled feedback. The process of ‘’iteration with controlled feedback’’ is a characteristic of Delphi 
that immunes it from bias or minority dominance. It further reduces the tendency of participants 
or the group to reach an agreement at the expense of answering or responding exhaustively to 
the research question as a lump, because they are able to reconsider the information they 
provided in previous rounds in the light of the overall results (Procter and Hunt, 1994). 
The technique involves repeated questioning of the individuals and avoids direct confrontation 
of group members with each other. This implies that group members may never meet nor know 
who else was involved; a process that could be described as ‘’anonymity’’; another important 
characteristic of Delphi that has been previously highlighted by Robin (1991) and Martino (1983). 
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Anonymity minimizes the disadvantages of using committees such as group pressure, status, 
dominancy of powerful personalities and argument repetition (Martino, 1983; Mullen, 2003). 
However authors such as Sackman (1975); Bowles (1999) and Rudy (1996) as quoted by Mullen 
(2003) have also highlighted some drawbacks of anonymity, some of which includes lack of 
accountability for views expressed by Delphi members where their names are not disclosed, 
limiting the boundaries of exploratory thinking and eliminating the stimulation and generation of 
ideas. According to Linstone & Turoff (1975), Delphi may be characterized as a method for 
structuring a group communication process so that the process is effective in allowing a group of 
individuals, as a whole, to deal with a complex problem. Group response according to Sourani 
(2008) commonly represents the group opinion (e.g. the mean) and may indicate the opinion 
variation within the group (e.g. Standard Deviation) hence yielding a ‘’Statistical group response’’, 
which represents the third characteristic of a Delphi. 
3. To develop a strategy:                                                                                                                              
Basically beyond harnessing expert knowledge is the need to develop a management strategy 
for the risks and uncertainties of climate variability (change) that is acceptable to the utilities 
in order to enhance organizational resilience. Franke, (1987) identifies the Delphi technique 
as one qualitative risk assessment tool. For water utilities, the Danilenko et al. (2010) argues 
that the effects of climate change would manifest from difficulties in operations to disrupted 
services and increased cost of the water and wastewater services. It further contends that 
variability and uncertainty challenge water utilities in their daily operations and long term 
planning. To effectively assess the vulnerability of these water utilities to the risks and 
uncertainties associated with climate change and develop adaptation strategies vital at 
increasing organisational resilience, expert knowledge and input is critically desired especially 
where budget and quantitative data are limited (Strzepek et al. 1998).  
Decision making according to Clayton (1997)  is a necessary task of all management 
functions, and critical decisions, that is, decisions which can either positively or negatively 
affect the overall functioning of organizations – demand a level of human endeavor and 
intellectualizing which go above and beyond those decision-making activities of daily or 
routine nature. For climate variability (change), Danilenko et al. (2010) argues that decisions 
must be made in an environment of limited information as climatic forecasts and predictions 
of likely impacts are not only imprecise, but may be inherently uncertain. Hence Clayton 
(1997) argument that the conventional Delphi procedure offers decision –makers a user-
friendly, rigorous and systematic strategy in the collection and dissemination of such critical 
132 
 
information becomes appropriate in this context.  Clayton (1997) further argues that the 
effects of critical decisions may linger and that when a mistake is made, the damage may be 
irreparable and extremely costly. This is why critical decisions, the kind involving personnel, 
programme improvement and management, and resource allocation, for example, require 
accurate information, careful consideration and involvement of more than a single decision- 
maker (Rasp, 1973).  
Reliable information about current and future events and needs is necessary in corporate 
planning, in defense and general government planning and institutions (Linstone & Turoff, 
1975). Above all other subsisting reasons, this technique has been chosen because Delphi 
offers a tool to aid understanding (climate change impacts in the delta) and decision-making 
(appropriate as adaptation strategies), it will only be an effective process if those decision 
makers who will ultimately act upon the results of the Delphi are actively involved 
throughout the process (hence meeting the objective for table 3.1). Further to this, this study 
explores creativity to ensure that the experts (key utility personnel) were sufficiently 
motivated to include the Delphi task in their schedule of daily competing tasks and are 
prepared to value the aggregation of judgments of the respondent panel to which they would 
not otherwise have access (Delbecq et al.1975).                                                                                                                                             
4.4.4 Who is an expert?                                                                                                                                                
The Delphi method requires that a panel of experts on the subject under study be selected. 
Authors such as Phil (1971); Martino (1983); and Moore (1987) define who an expert is. From 
their definitions it is striking that an expert is someone who possesses the knowledge and 
experience necessary to participate in a Delphi. For example: “A nuclear physicist is an 
appropriate expert if the Delphi concerns atomic energy and a resident of a neighborhood is an 
expert on what should be a community’s goals” (Moore, 1987). In this study context, the experts 
are the key utility staffs who for this study are the respondent group. According to Martino 
(1983) the degree of expertness is probably the most important single consideration, followed by 
other considerations such as availability and willingness to participate in the Delphi panel. Also, 
indicators of knowledge vital for participation in a Delphi panel were suggested by the following 
authors : Martino (1983), Mitchell (1982) cited by Henchion and McIntyre (2005), Khosrow-
Pour and Herman (2001), Cabanis (2002) as cited by Adnan and Morledge (2003), Henchion and 
McIntyre (2005), Sholl et al. (2004), Shon and Swatman (1998), Marr and Prendergast (1993) 
cited by Henchion and McIntyre (2005) and Sourani (2008) as follows –                                                                                           
1) Publications in the field                                                                                                                                         
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2) Signs of professional eminence such as leadership                                                                      
3) Membership or holding office in a professional society or organisation                                        
4) Peer judgement and recommendation                                                                                    
5) Honours by professional societies                                                                                                                    
6) Self-rating of the expertise in the relevant field                                                                                  
7) Presentations made at national conventions                                                                            
8) Relevant years of experience                                                                                                     
9) Selection for comment by national or regional media on relevant issues                                                           
10) The number and the importance of patents held 
4.4.5 Selecting an expert panel or group 
Delp et al. (1977) described the Delphi technique as a group process used to solicit, collate and 
direct expert responses toward reaching consensus. Stufflebeam et al. (1985) as quoted by Dyer et 
al. (2003) noted that the Delphi technique is especially effective in obtaining consensus from a 
purposively selected group of experts. Clayton (1997) hence underscores the Delphi as a survey 
technique necessary for collecting judgments that attempts to overcome the weaknesses implicit 
in relying on a single expert, a one shot group average, or round-table discussion. Also, research 
supports the contention that credible and reliable results can be obtained through professional 
judgment and group decision-making processes (Reeves & Jauch, 1978; Zane et al. 1982; Uhl, 
1983, Babbie, 1990). However, in choosing the several expert approach of the Delphi technique, 
this study draws extensively from Moore (1987), who provides four reasons why using a group 
of people rather than an individual is more desirable in conducting applied social research: 
1) It is logical that if you properly combine the judgment of a large number of people, you 
have a better chance of getting closer to the truth.     
2) It is desirable to use groups in order to understand social phenomena by obtaining views 
of the actors. 
3) It is often beneficial to use groups if you are concerned about the consequences of your 
research. If your goal is to solve a problem of a particular group, it is reasonable to 
believe that the group is more likely to accept advice (or research findings) if they have 
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participated in the research process. 
4) Complex, ill-defined problems often can be addressed only by pooled intelligence.     
According to Clayton (1997), all experts may be included or a random or non - biased sample of 
various types of expertise may be sought. Expertise, however, is the desired goal for panel 
selection and it is this feature which sets Delphi apart from other general forms of survey 
research. In some Delphi, ‘representativeness’ is the criterion for panel selection, in which case 
appropriate random sampling strategies must be used (e.g. Smith & Glass, 1987; Borg & Gall, 
1989; Babbie, 1990).  
In a study that used Delphi technique, Dyer et al. (2003) had explained the process of panel 
selection thus:  ………………….‘‘In selecting the expert judges, states, staff and teacher educators from 
each state were asked to nominate teachers from secondary agricultural education programs that were considered 
outstanding in their ability to recruit and retain students. Teacher educators and state staff provided a total of 275 
unduplicated nominees. From this list a stratified random sampling technique was used to select 24 teachers to 
participate in the study. The four regions of the American Association for Agricultural Education comprised the 
strata from which six teachers each were randomly selected’’. – Dyer et al. (2003, 2). 
Delphi authors such as McCarthy and Witthirawon (2003), as well as Mullen (2003) argue that 
Delphi should not be confused with conventional survey techniques. Mullen (2003); Proctor and 
Hunt (1994) and Dietz (1987) infers that this drives a reluctance to employ random sampling in 
Delphi. Sourani (2008) argues that such views seem to be consistent with the epistemological 
positions considering Delphi as a rather qualitative approach. However, many Delphi authors 
such as Robinson (1991); Hinks and McNay (1999); Chan et al. (2001); Sholl et al. (2004) and 
Henchion and McIntyre (2005) contend that it is more appropriate to apply measures such as 
knowledge, availability and willingness to participate in the selection process and to choose 
experts from a variety of backgrounds and positions so that the key view points of the subject 
under consideration are represented. In view of these arguments, the structure and design of this 
study, the selection of the Delphi expert panel was necessitated by the need to address research 
questions (1) and (6) which are:  
1) What are the impacts of climate variability/extreme events on water utility operations?  
2) What appropriate adaptation measures can be suggested? 
Bearing in mind that the unit of analysis for the study was the utility as an institution, the study 
proceeded to select experts from the utilities being studied based on measures such as knowledge, 
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availability and willingness to participate in the selection process and to choose experts from a 
variety of backgrounds and positions so that the key view points of the subject under 
consideration are represented. This approach represents the view of Robinson (1991); Hinks and 
McNay (1999); Chan et al. (2001); Sholl et al. (2004) and Henchion and McIntyre (2005). This 
approach was necessary based on the fact that the utilities had already been selected based on a 
stratified random sampling that was based on a geographical locations in the delta hence the best 
experts available in these utilities were appropriate in order to capture the issues under 
investigation. The study communicated the experts who met the criteria of Knowledge, 
availability and willingness to participate in the study. They consist of utility consultants, 
technicians, scientists, engineers and managers. In total across the utilities, 13 out of 40 selected 
did not participate as they failed to respond despite repeated reminders. Finally the number of 
experts ended at 27 for the First Round of the Delphi and further shrunk to 25 in the third and 
final stage of the Delphi. The expertise of panellists in Rounds1- 2 and 3 of the Delphi are 
shown on Tables 4.9 and 4.10 respectively  
Table  4.9: The expertise of panellists in Rounds1 and 2 of the Delphi  
Professional identity n 
  
Management staff 5 
Engineers 10 
Scientists 3 
Technicians 2 
Utility Consultants and Contractors 7 
                                                         
Table  4.10: The expertise of panellists in Round3 of the Delphi  
Professional identity n 
  
Management staff 5 
Engineers 10 
Scientists 3 
Technicians 2 
Any other 5 
                                                                                                                                                  
Please see annex 4.1a-f and 4.2a-f for the entire Delphi process used for this study. 
 
4.5 Questionnaire survey                                                                                                                           
Rossi et al. (1983) argue that a survey involves the collection of information from individuals 
(through mailed questionnaires, telephone calls, personal interview, etc.) about themselves or 
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about the social units to which they belong. However, Rea and Parker (1992) also argue that the 
survey sampling process determines information about large populations with a known level of 
accuracy. Therefore a survey research, like the other types of field study, can contribute to the 
advance of scientific knowledge in different ways (Babbie, 1990; Kerlinger 1986). Accordingly, 
researchers often distinguish between exploratory, confirmatory (theory testing) and descriptive 
survey research (Pinsonneault and Kraemer, 1993; Fillippini, 1997; Malhotra and Grover, 
1998).Forza (2002) argues that survey research is not theory-testing if, from the outset, it is not 
based on a theoretical model. In developing a methodology for this research, inspiration has 
been drawn from Kumar (1999) as quoted in section 4.2.1 (last paragraph). Efforts have been 
made to ensure that this research meets the demands of the three perspectives of application; 
objectives in undertaking the research; and the type of information sought. 
 The critical variables of interest in this study were measured using a structured questionnaire as 
the central or primary measurement instrument amongst others such as interviews and the 
Delphi. Though, the use of standard measurement instruments with established validity and 
reliability has been recommended by authors such as (Punch, 1998; Rudestam and Newton, 2001 
etc.), this study designed its own measurement instrument in combination with an adaptation of 
a standard instrument developed by the University of Surrey as part of a larger project to assess 
the impact of climate change on the Millennium Development Goal Target 7c for drinking –
water supply and sanitation. This was done because unlike other similar studies this central 
measurement instrument was preceded by a Delphi process which inevitably shaped its final 
design.   
A survey involves the collection of information from individuals (through mailed questionnaires, 
telephone calls, personal interview, etc.) about themselves or about the social units to which they 
belong (Rossi et al. 1983). As a survey technique, a questionnaire is a written list of questions, the 
answers to which are recorded by respondents (Kumar, 1999). The use of questionnaire for this 
study was influenced by a range of considerations that the respondents are all literate. Also, it is 
convenient and less expensive as it saves time and financial resources. The questionnaire 
administration for this study having been preceded by the Delphi process enabled some learning 
of lessons such the need to enhance or improve the response rate. To overcome the later 
problem the questionnaire was administered on a collective situation. Another important 
consideration was the advantage of anonymity as the respondents were free to complete the 
questionnaires without the researcher’s influence hence enabling the opportunity for accurate 
information.  
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4.5.1 Questionnaire design                                                                                                                                 
In tandem with recommendations by authors such as Sekaran (1992); Spector (1992); Bourque 
and Fielder (1995) and Punch (1998), the process of developing a measurement instrument for 
this study proceeded as follows. First, operational definitions of the study variables were 
developed. Second, operationalization of each of the variables, and thirdly, an appropriate 
response scale format for each item was selected and a draft questionnaire was produced. Finally, 
the draft questionnaire underwent a process of pilot study. Kumar (1999) points out that in a 
questionnaire that the respondents read the questions, interpret what is expected and then write 
down the answers.  
In view of this, this study optimally ensured that the questions on the questionnaires were very 
clear and easy to understand in order to optimize a high degree of independence in completing 
them without or minimum recourse to alien influence, ambiguity or common mistakes as there 
may possibly be no one to explain the meaning of questions to respondents (Please refer to 
Annex table 4.3 for a copy of the questionnaire). Adhering to Kumar (1999) advice, the layout of 
the questionnaire was designed so as to ease reading by making it pleasant to the eye. Also the 
sequence of questions was easy to follow and developed in an interactive style. Another essential 
consideration was that the questionnaires were designed to capture data in a structured manner 
in order to enable systematic comparisons between cases, or groups of cases (de Vaus, 2001), 
most especially in the context of this study.   
Also close-ended questions were preferred to open-ended questions because data coding and 
entry is easier for closed-ended questionnaires than open–ended questionnaires (Bourque and 
Fielder, 2003). In designing the questionnaire, this study used the following guide                                                                                                                               
1) Related questions were closely spaced to facilitate cross checks on the responses.                                                                                                                                              
2) Alternating sections with different measures to avoid stereotype answering                                                                                                                
3) The presence of reversal questions to keep attention high.                                                                                                  
4) Reducing the length of the questionnaire as it affects the response rate.                                                                                                                                                     
The act of matching the questions with codes as it facilitates subsequent data input. A similar 
guideline has been suggested by Forzo (2002). Another important consideration in formatting 
was the design of the cover page and instructions to respondents. The cover page was designed 
to include the following information:  
1) The logo of WEDC and Loughborough University;  
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2) Title of the questionnaire and purpose of survey;  
3) The questionnaire identification details                                                                                                
4) The details of the respondent such as the name, company, telephone number, e-mail 
address, postal address and position or title in the company/utility etc. And  
5) Introductory instructions to respondents as well as an assurance of confidentiality 
quoting data protection Act (1998). 
6)  The questionnaire was broken up into 6 sections (A- F), each starting with a brief 
introductory instruction that explains the overall structure of the section, number of 
questions, how the questions are arranged and how to respond to the questions. These 
short introductions of the sections enable respondents to understand the content and 
purpose of each section hence helping to put them in the proper frame of mind for 
answering the questions (Babbie, 1973).  
4.5.2 Pilot testing the questionnaire                                                                                                                                    
There exists some ambiguity in the use of the terms ‘pre-test’ and ‘pilot study’ in social science 
research methods. While some authors such as Kervin (1992) use the terms interchangeably, 
others such as Neuman(1994) and Punch(1998) recommend carrying out a pre-test before using 
a measurement instrument. Mugabi (2007) defines pre-testing to mean the preliminary testing 
and evaluation of one or more aspects of the study design (e.g. questionnaire pre-test); on the 
other hand a pilot study refers to miniaturized walkthroughs of the entire study design (Babbie, 
1990). However, authors such as Babbie (1990); Bourque and Fielder (1995); Tabachnick and 
Fidell(2001); Sekaran(2003) concurs on the importance of a pilot study for any research design,  
particularly those studies that designs or use new measurement instruments. However, having 
drafted the questionnaires, the protocol to follow in administering them, and the definition of 
the identity of the sampling units, this study examined the measurement properties of the 
questionnaires as well as an examination of the viability of the administration of these surveys.  
The use of the Delphi technique which influenced the design of the questionnaire could not 
permit the act of pre-testing of the questionnaire rather what obtained was pilot testing of the 
questionnaire. The process consisted of submitting the “final” questionnaire to three types of 
people as shown in table 4.11: 
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Table  4.11: Persons examining and testing the questionnaire before its application 
Type of People Rationale 
Colleagues/fellow researchers @ Loughborough 
University, UK 
According to Dillmann (1978), the role of 
colleagues in examining the questionnaire is to test 
whether the questionnaire accomplishes the study 
objectives as stated. 
 
Utility experts (especially some of those that 
participated in the foregoing Delphi) 
According to Forzo (2002), the role of industry 
experts is to prevent the inclusion of some obvious 
questions that might reveal avoidable ignorance of 
the investigator in some specific area. 
Target respondents (i.e. utility staffs) Fowler (1993) and Forzo (2002) argue that the role 
of target respondents is to provide feedback on 
everything that can affect answering by and the 
answer of the targeted respondents. This was done 
as the researcher fills the questionnaire with a 
group three to four potential respondent from the 
utilities.  
 
 
The pilot study of the questionnaire amongst these three groups was the realisation that the way 
a question is asked often determines its categorization on a measurement scale. This in turn 
affects how the data can be applied to the study and what interpretation can be made as well as 
how the data can be analysed. Also, the pilot study aids what statistical tests can be applied to the 
data and what interpretation can be made. It also assists on how the data can be presented and 
what conclusions that can be drawn. This makes it imperative that the study harmonizes the 
questionnaire in a way that connects the measurement scale to the other stages of analyses, 
statistical tests (applicable), interpretation, presentation and conclusion. The questionnaire prior 
to pilot had no pattern and was generally haphazard. It was a mixture of nominal, ordinal, 
interval and ratio scales. The categorization in the measurement scale did not bring clarity and 
specificity to the development of the entire research instrument. 
Other lessons learnt were the need for respondents at all these types of people to complete the 
questionnaire as if they are part of the actual survey. Another is the need for the researcher to be 
present, observing how the mobilized respondents fill in the questionnaire and recording 
feedbacks. These feedbacks are intended to find out if the instructions are clear;  if the questions 
are clear ; if there are any problems in understanding what kind of answers are expected, or in 
providing answers to the questions posed; and   the planned administration procedure that 
would be effective  etc.                                                                                                                                                                                                                                                                                                                                                                                                           
140 
 
4.5.3 Scaling (or response format) of the questionnaire                                                                                                
According to Kumar (1999), measurement is central to any scientific enquiry. Kumar (1999) 
argues that the greater the refinement in the unit of measurement of a variable, the greater the 
confidences other things being equal, one can place in the findings. Since the variables so 
developed from the study of the concept are not indicative or reflective of measurement in 
interval or ratio scales, the onus was on the adoption of either the nominal or ordinal scale. 
Further to this, the variable so used in the study is divided into more than two categories e.g. 
attitudes (Strongly agree, agree, uncertain…), otherwise known as Polytomous variable. 
Forza (2002) suggestions on the use of scale were duly considered in developing the 
measurement instrument for this study. A response scale refers to the response format for a 
single question in a questionnaire (Kervin, 1992). Also, Bourque and Fielder (1995) suggests that 
selecting an appropriate response format is an important step in developing a measurement 
instrument because response formats are considered to have an effect on response rates for 
structured questionnaires. The scale choice determines the ease with which both the respondent 
can answer the questions and how the subsequent analyses will be done (Kumar, 1999).  
Kervin (1992) points out that there are a variety of response scales for closed format 
questionnaires. The study had to study different scale types and recognizes the existence of four 
basic types of scale: nominal, ordinal, interval and ratio. It also notes that the sophistication of 
the application for which the scales are suited increases with the progression from nominal to 
ratio. To better manage data with fewer complications, the study opted to use the Likert scale 
which was expected to highlight difference, order and distance of each measure.  Also, other 
considerations that influenced use of the Likert scales or summated rating scales were: (i) They 
are cheaper and easier to develop; (ii) Are usually quicker and easier to administer; and (iii) Are 
more reliable and valid than other scales (Oppenheim, 1992).  
The ordinal scale was chosen based on the fact that in addition to this scale having all the 
characteristics of a nominal scale, it retains a unique feature of its own as it ranks sub-groups in a 
certain order. Nominal scales are merely classificatory (Kumar, 1999). They enable the 
classification of individuals, objects or responses based on a common or shared property or 
characteristic. But ordinal scales goes further to rank these sub-groups in a certain order. They 
are often arranged in ascending or descending order. Nominal scales have no such sequence. 
Here the sequence in which sub-groups are listed makes no differences as there is no relationship 
among sub-groups. 
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However, it needs to be noted that the likert scale does not measure the absolute intensity of the 
attitude but simply measures it in relation to another person (Kumar, 1999).The likert scale does 
not measure attitude per se (Kumar, 1999), but does help to place different respondents in 
relation to each other in terms of the intensity of their attitude towards an issue hence showing 
the strength of one respondent’s view in relation to another. In designing the measurement 
instrument, efforts were made on how best to breakdown the question in a way that personalises 
the respondents’ stake on phenomena on reign or being observed hence the use of the likert 
scale. Likert scale here tallies with the categorical scale already developed for the study.  
Questions were constructed to reflect the issues in question. Respondents were asked to indicate 
their degrees of agreement or disagreement by selecting the appropriate response category. 
According to Kumar (1999), Likert scales does not measure the attitude per se but helps you to 
rate a group of individuals in descending or ascending order with respect to their attitude 
towards the issues in question.                                                                                                                       
In developing the likert scale, consideration was made of: 
1) Whether the attitude to be measured is to be classified into one- , two- , and three – 
directional categories (i.e. to determine Positive, Negative and Neutral Positions) 
2) Whether to use categorical or a numerical scale.  
The decision about the number of points and the number of categories on a categorical scale 
depends upon how timely one wants to measure the intensity of the attitude in question and on 
the capacity of the population to make fine distinctions. In using the likert scale, the study 
assumes that each statement category is ‘‘equally important’’. It combines attitudes towards 
different aspects of an issue and provide an indicator that is reflective of an overall attitude 
(Kumar, 1999). In this study, an odd number of response categories (five) incorporating a middle 
point was used for all measures.  The main reason for choosing only five categories was to give 
fair balance to either ends of the scale with a central neutral response category and capturing 
issues without confusion especially during analysis. The use of central neutral categories in an 
odd likert-type scale (e.g. “don’t know”, “uncertain/undecided”) as used in this study has been 
debated by many survey researchers such as Kervin(1992) and Neuman (1994). However, Babbie 
(1990), Kervin, (1992), Spector (1992) and Neuman (1994) supports the use of a middle position 
to tap neutral responses as often espoused by respondents.                                                                                                          
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4.5.4 Assessing the measurement quality                                                                                                                                
It has been noted by Biemer et al. (1991) and Malhotra and Grover (1998) that measurement 
error represents one of the major sources of error in survey research and should be kept at the 
lowest possible level. This study has taken precaution in recognizing to the extent it could affect 
the survey results and hence avoided it by pilot-testing the questionnaire as discussed in sub- 
section 4.5.2.   This is because the goodness of measures is mainly evaluated in terms of validity 
and reliability. Validity is concerned with whether we are measuring the right concept, while 
reliability is concerned with stability and consistency in measurement. Lack of validity introduces 
a systematic error (bias), while lack of reliability introduces random error (Carmines and Zeller, 
1979).                                                                                                                                                                                                                                                            
Reliability indicates dependability, stability, predictability, consistency and accuracy, and refers to 
the extent to which a measuring procedure yields the same results on repeated trials (Kerlinger, 
1986; Carmines and Zeller, 1979). Reliability is assessed after data collection (Forza, 2002). 
According to Forza (2002) developing valid and reliable measures is a process parallel to that 
aimed at building and testing a theory. Assessing measure quality therefore takes place at various 
stages of survey research: before data collection, within pilot testing and after data collection for 
hypothesis testing. However, conducting reliability and validity assessments can be organized as a 
three – step, iterative process: face validity assessment, reliability assessment and construct 
validity assessment (Rungtusanatham and Choi, 2000). The elimination of items in the second 
and third steps requires the researcher to return to the first step and redo the analyses for the 
modified measure. Examples of applications are Parasuraman et al. (1988) and Saraph et al. 
(1989).         
4.5.5 The act of Respondents identification                                                                                                                                            
The act of respondent identification adheres to Forza (2002), who notes that very often the unit 
of analysis in operations management research is often the company. However, the people who 
work in the company must provide information on that company as the company cannot give 
the answers. Also, due to functional specialization and hierarchical level in the organization, 
some people are knowledgeable about some facts while others know only about others.  By 
launching the study using the Delphi technique the study has made extensive effort to identify 
the appropriate key utility personnel to interview for the information required from the utilities. 
This was done via series of meetings between the researcher and the General Managers and the 
Human Resources Managers of the various utilities. A confidential list of key utility/strategic 
staffs, personnel, consultants and contractors was made available.   
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The researcher categorized these lists into two categories: those suitable for the Delphi and those 
suitable for the questionnaire survey. However, the limited number of names on the lists 
(average of 10) demanded extreme caution in managing the respondents in order to achieve 
adequate response rate as this can impact on the results of the study.  Also, on the other hand, 
answers from respondents who are not knowledgeable cannot be trusted and increase random or 
even bias error. Also, if perception questions are asked, one can gather a perception which is 
very personal (Forzo, 2002). Therefore to enhance confidence in the findings, the study used 
some form of triangulation such as multiple data collection methods as well as the use of 
multiple respondents in each utility for the same question etc. This action is intended to reduce 
the common method/source variance, i.e. potentially inflated empirical relationships which can 
occur when the data have been collected using the same method or have been provided by the 
same source (Rungtusanatham et al. 2001). 
4.5.6 Questionnaire Sampling and Administration                                                                                 
Forza (2002) argues that at the end of pilot testing, either the researcher can proceed with theory 
testing or the survey questionnaires, the survey administration process, and/or both   would have 
to be revised.  Forza (2002) also suggest the researcher should move to the survey execution 
phase only when all relevant issues have been addressed. This study adhered to these suggestions 
in order to ensure that data collection problems and measurement problems have been reduced 
to the minimum level. Unlike the preceding Delphi questionnaires, the close-ended survey 
questionnaires were directed at key utility personnel (not strictly experts) including however, a 
few of those who participated in the Delphi who still retained interest in continuing with the 
research process. A list of names of these key utility employees from each of the participating 4 
utilities was obtained from the office of the Human Resources Manager or in some cases the 
General Managers of the selected 4 utilities.  
Random selection was applied in selecting 8 names out of the total number of names on each list. 
The lists had an average of 10 names. Series of follow-up meetings were scheduled and agreed 
on between the researcher and the coordinating authority in each of the 4 utilities with the aim of 
agreeing on a most suitable date and time for the collective administration of the questionnaire. 
The coordinating authority which was primarily the General Manager or his delegated personnel 
was hardly available on scheduled dates for most of these follow-up meetings. The bad situation 
was a common characteristic of each of the utilities. The result was erratic accumulation of huge 
costs by the researcher on telephone calls, hotel accommodation and inter/intra –city 
transportation. However, when the meetings finally held, the leadership of the utilities were able 
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to bring together the target staffs together in a room during the extended tea break periods. This 
enabled the researcher to explain the questions, explaining how they were drawn based on the 
preceding Delphi process carried out in the utility. The completed questionnaires were 
completed and collected on the spot within a short period of time.  Unlike the Delphi, the 
recorded response rate was a 100%.  
4.5.7 Questionnaire Analysis                                                                                                                                                                      
The data generated from the questionnaires were coded and analysed using the IBM SPSS 
Statistics 19 (V) software; a process that was similar in the analysis of the Delphi. Data obtained 
from samples were summarized using measures of central tendency (averages), and measures of 
dispersion. The use of averages concentrated primarily on the mean as it has several advantages, 
the chief one being that it is fairly stable from one sample to another, that is, if we take a number 
of samples from the same population, their means are likely to differ less than their medians or 
their modes. Thus a sample mean gives us the most reliable estimate of central tendency in the 
population (Rowntree, 2000). Tables of cross-tabulation of results are shown in annex Tables 
4.6a-e. The measure of dispersion for this study relied more on use of the Standard Deviation. 
Like the mean, the Standard Deviation takes all the observed values into account. Statistical test 
to establish test of significance as discussed and shown in section 5.4 was carried out using the 
Mann – Whitney U test. The significance was calculated for both coastal and the non-coastal 
utilities as well as for the ground water dependent and the surface water dependent utilities. The 
use of the Mann– Whitney U test was considered appropriate here because the scores obtained 
were ordinal and ranked (Clegg, 1994; Rowntree, 1980).  
4.6 Interviews                                                                                                                          
Interviewing was another method used in collecting information from respondent in this study. 
According to Kumar (1999), any person-to-person interaction between two or more individuals 
with a specific purpose in mind is called an interview; and that based on the degree of flexibility 
or otherwise an interview could be classified as structured and/or unstructured. While the 
interviewer develops a framework known as an interview guide within which he conducts the 
unstructured interview (also known as an in-depth interview), he conversely uses an interview 
schedule (a written list of questions, open or close-ended) to conduct the structured interview. 
These interactions may be face-to-face, by telephone or by other electronic media (Kumar, 1999). 
According to Jones (1985) as quoted by Easterby-Smith et al.(2002) the main purpose of 
undertaking a qualitative interview is to understand how individuals construct the reality of their 
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situation formed from the complex personal framework of beliefs and values, which they have 
developed over their lives in order to help explain and predict events in the world.  
‘‘Qualitative interview’’ according to Easterby-Smith et al.(2002) refers to wide range of 
interviews, from totally non-directive interviews to those interviews where the researcher asks 
certain questions according to pre-established list of them. This study developed and deployed 
an interview schedule before-hand. The use of the semi-structured interview was to support the 
gathering of uniform information, which assures the comparability of data (Kumar, 1999). Here, 
the same set of pre-set questions were asked to different interviewees in the same manner, 
sequence and tone (Bryman and Bell, 2003; Fontana and Frey, 2000; Sekaran, 2003; Easterby-
Smith et al. 2002).  These set of questions were carefully planned, piloted and improved upon to 
achieve a high level of validity as suggested by Easterby-Smith et al. (2002).  
Bryman and Bell (2003) argues that usually the questions asked are very clear, specific and very 
often a range of answers may be offered. A written interview schedule as suggested by Jankowicz 
(1991) was followed in the interviews conducted in order to ensure that the different answers are 
dealt with in the same way.  However, one difficulty that emerged was the very little flexibility 
offered by the interview schedule on how questions were asked or answered, but the interviewer 
deployed some creativity during the course of the interview to be flexible especially when new 
insights emerged especially those requiring further explanation. Those targeted for interviews in 
the utilities and related agencies were communicated. The use or adoption of interview schedule 
for this study was not exclusive hence no actual criteria influenced its use over any other method 
rather it was used to further support and/or triangulate other data collection tools or methods 
used for the study as shown on Table 4.12:       
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  Table  4.12:   Research techniques used as they relate to the utilities 
 
Respondent/Unit of 
Analysis 
 
Research tool used 
 
 
 
Delphi 
 
Questionnaire 
 
Interview 
 
Document Review 
ISWC         *           *              *              * 
BYSWB         *           *              *              * 
RSWB         *           *              *              * 
CRWB         *           *              *              * 
 
The use of interviews in this study further enabled the optimization of data input to the study. It 
enabled the interviewer to confirm observations, obtain explanations and follow-up on sign-
posts that emerged from the questionnaires. In effect it enabled the study to obtain in-depth-
information by probing. However, the most critical skill was in making the necessary efforts to 
secure the interview rather than a refusal to cooperate since the targeted respondents were very 
busy officials or professionals. A total of 40 interviews were successfully conducted for this study 
across the utilities.  
4.6.1 Interview Analysis                                                                                                                                                                     
Unlike the use of the structured questionnaire, the interview was semi-structured and aimed at 
complementing other data collection tools used for this study in getting appropriate responses to 
aspects of the research questions as listed in table 4.4. The interview was hand recorded, coded 
and manually analysed. This choice was made after due consideration of the small nature of the 
data (Kumar, 1999; and Silvermann, 2002).  Also, another consideration was Seale (2002) who 
argues that qualitative analysis was (and still is) far less formulaic. Moreover it was much quicker 
and convenient working out the emerging responses and concepts by hand than using any 
computer assisted data analysis software. Therefore the interview schedule used was edited prior 
to coding and analysis. Editing of the raw script was aimed at achieving clarity and completeness 
where necessary. Editing here consisted of scrutinizing the completed interview schedule to 
identify and minimize as far as possible, errors, incompleteness, misclassification and gaps in the 
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information obtained from the interviewees etc. A similar suggestion has been proffered by 
Kumar (1999) who suggests that it is good practice for an interviewer to take a few moments to 
peruse responses for possible incompleteness and inconsistencies.  
Examples of some common mistakes which editing helped the study mitigate were; - omitted 
questions; omitted responses; wrongly classified responses; partly written and illegibly written 
responses etc. The editing process enriched and improved the quality of the data. The use of 
coding as an analytical guide was in tandem with the pattern suggested by Kumar (1999), and this 
enabled the development of the relevant concepts and responses etc. The process of coding is 
iterative, performed in cycles to ensure that key concepts are not proposed from one round of 
analysis but rather generated from a wealth of data (Summeril et al. 2010). The interview schedule 
used in the interviews as discussed in section 4.6 was broken up into 2 parts and consequently 
the analysis adhered to that pattern. Generally ‘close –ended’ with a ‘Yes’ and ‘No’ response 
categories. However, those answering in the affirmative or the ‘Yes’ category had a chance for a 
follow –up question in 10 of the questions which were otherwise ‘Open –ended’. The former 
was analysed by summing up the scores against the total and then calculating the percentages 
while the later involved a system of iterative sieving to identify common responses and concepts. 
Copies of the interview schedule and the coded data are attached in Annex 4.5.    
4.7 Document Review                                                                                                                    
With a view at fully understanding the internal mechanisms of the water sector, triangulating data 
and information already gathered as well as fully unravelling the internal environment of the 
various water utilities as much as possible, the study requested for, received and exhaustively 
reviewed as much as possible the following strategic documents and many others which 
constituted its secondary source of data collection:                                                                                                 
4.7.1 Federal Level Policy Documents 
4.7.1.1 Federal Ministry of Water Resources:                                                                                   
1) A Framework for Regulating Investment and Sector Utilities; 
2) National Framework for Monitoring and Evaluation for Water Supply and Sanitation; 
3) Model Water Supply Services Regulatory Law,  
4) Regulatory Handbook for Water Supply Services; 
5) Low Income Household Service Strategy and Operational Reform for State Water 
Agencies,  
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6) Public Private Partnership Framework For Water Supply Services in Nigeria,  
7) Model for Financial Services Water Investment Mobilization Application Guidelines 
(WIMAG); 
8) Federal Ministry of Water Resources National Water supply and sanitation policy 2000  
9) Water supply and sanitation sector reform programme (WSSSRP) draft final report 2007 
4.7.1.2 River Basin Development Authorities: 
1) Briefs on the Niger Delta Basin and Rural Development Authority Port Harcourt 
2) National Water Rehabilitation Project Institutional Development Technical Management 
Consultancy for BYSWB, Progress Report No.2 
3) Cross River Basin Development Authority Information Brochure 2010 
4) Anambra-Imo River Basin Development Authority @ a glance 
4.7.1.3 Other Federal Agencies: 
1) NIMET 2010 Seasonal rainfall prediction 
2) Report of the vision 2020 National Technical Working group on Niger Delta and 
regional development, July 2009 
3) Federal government of Nigeria national policy on population for sustainable 
development, January 2004 
4.7.2 State level Water Services Strategy proposals                                                                    
4.7.2.1 State Government proposals and plans 
1) The Challenges of potable water production and distribution in Rivers  
2) State Report of the institutional framework for water supply and sanitation provision 
Cross River State  
3) BYSSDS (2009), Bayelsa State Sustainable Development Strategy Road map for the 
decade 2009 -2019. Bayelsa State Government of Nigeria  
4) Port Harcourt Waterfront urban regeneration scoping study report 
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5) Draft water supply and sanitation policy, Imo State 
6) Draft water supply and sanitation policy, Cross River State 
7) Port Harcourt, River State open for business, 2010 
8) BY-SEEDS (2004) Bayelsa State Economic Empowerment and development Strategy - 
Medium term 2005 – 2007 plan. Bayelsa State Government of Nigeria 
9) Budget documents for years 2006 – 2010 of Rivers, Imo and Cross River States etc. 
4.7.3 Water Utility Strategic Documents 
1) CRSWB Ltd Second National Urban Water Sector Reform Project Technical and 
Financial overview CRSWBL – ORTECH Public-Private Partnership - 2007 
2) CRSWBL Break-even model analysis 
3) CRBDA Meteorological data 2001 – 2009 
4) Investment opportunities in Imo State Water Corporation 
5) Report presented by ISWC General Manager to the board of Directors April 2010 
6) 2010 briefing report ISWC 
7) Quick intervention strategy for resuscitating water supply in Owerri 
8) Bill of Engineering Measurement and Evaluation for Emergency rehabilitation of Owerri 
regional water scheme 
9) Preparation of feasibility report and basic design for water supply project – Terms of 
reference 
10) Preparation of feasibility report and basic design for Owerri water supply rehabilitation 
project – Terms of reference 
4.7.4 Other Documents 
1) Relevant News Items from National and local newspapers 
Extract and references from a number of these documents were used in the discussion and 
argument made in various sections of the chapters of this work. 
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4.8 Chapter Summary                                                                                                                               
The chapter has discussed how the research was organised and the rationale underpinning it. 
Extensive references were drawn from various scientific literatures particularly seminal articles in 
social survey such as Yin(1984, 1993, 1994 , 2003 and 2008) as well as Babbie (1973, 1990), 
Kumar(1999) and many others. The methodology adopted for this study was the Case study 
methodology. It comprised of four different data collection tools. The sample design as well as 
the questionnaire design and the interview schedule were discussed independently to guide the 
reader clearly in understanding how the techniques were applied. A table 4.5 was used to convey 
a relationship message on the interaction between the different techniques used in collecting data. 
The chapter also included discussions on the study setting and a brief introductory section on 
method used in data analysis which is discussed in more depth in chapter 5.  
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5 CHAPTER FIVE 
DATA ANALYSIS 
5.1 Introduction                                                                                                                                   
This Chapter analyses, though with minimal discussion and interpretation all the data collected 
using primary data collection tools such as the Delphi, structured questionnaire and semi-
structured interviews etc. A detailed discussion is made in the chapter 6 based on the context of 
the research questions and the theoretical perspectives deployed. In doing this, it uses descriptive 
statistical methods to explain the findings. The chapter is structured thus: Section 5.1: analyses 
the Delphi technique and the result that was obtained. Section 5.2: analyses the structured 
questionnaire and the result obtained. Section 5.3: analyses the semi-structured interviews. A 
chapter summary closes this chapter.  
5.2 Analysis of the Delphi                                                                                                                            
Using the Delphi technique as discussed in section 4.4, an open-ended question was used to 
facilitate the generation of a wide array of response categories from the question: What are the 
observed climate change-related impacts or extreme events that are confronting utility water supply services?                                                          
The result from the opener provided by the Delphi technique shows that a total of 13 impacts 
achieved a 100% score in the consensus scale (see Annex Table 4.1e). These impacts as ranked 
indicate their acceptance and identification by experts across the sampled utilities as the topmost 
impacts or hazards confronting the utilities from climate variability or extreme events. They 
consist of the following -                                                                                           
4. Increasing urban demand for water                                                                                                                             
5. Flooding                                                                                                                                                                           
6. Increasing operation and maintenance costs                                                                                                                   
7. Decreasing surface water quality                                                                                                                                          
8. Increasing rainfall intensity (mm per hour)                                                                                                                       
9. Unstable annual rainfall                                                                                                                                                            
10. Iron contamination                                                                                                                                                        
11. Saltwater intrusion or salinity of water supplies                                                                                                                   
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12. Land erosion                                                                                                                                                                    
13. Change in watershed vegetation and ecology                                                                                                                       
14. Land inundation                                                                                                                                                                
15. Inaccurate climate models and planning difficulties                                                                                                             
16. Submersion of water supply facilities 
However, it needs to be noted that the consensus score of 100% is not absolute as a closer look 
at the mean and standard deviation in Annex Table 4.1d indicates variations. While the mean is 
fairly stable from one sample to another and indicates centre of distribution vital in highlighting 
emerging extent consensus, the quoted Standard Deviation (SD) of the distribution enables an 
indication of a kind of ‘average’ amount by which all the values on the ‘LIKERT SCALE’ 
deviate from the mean. The greater the dispersion, the bigger the deviations and the bigger the 
standard (‘average’) deviation. For example, from the Annex Table 4.1d while the mean for 
‘‘Increasing urban demand for water’’ and ‘’flooding’’ were 4.88 apiece, and their standard deviation 
0.332 apiece; those of for ‘‘Increasing operation and maintenance cost’’; ‘‘decreasing surface water quality’’; 
‘‘Increasing rainfall intensity’’; ‘‘Unstable annual rainfall’’; ‘‘Iron contamination’’ and ‘‘saltwater intrusion’’ had 
varying mean and standard deviations. The use of percentage on the Delphi consensus chart 
(annex Table 4.1d was to show the emerging pattern based on the scale category ticked by 
respondents hence pooling consensus.  
Following those 13 impacts ranked topmost were -                     
17. Damage to water supply facilities                                                                                                                                 
18. Decreasing groundwater/aquifer recharge and quantity, both of which had a score of 
84% on the consensus scale.                                                                  
Next, with a score of 80% on the consensus ranking were -                                                  
• Coastal erosion                                                                                                                                                                
• Landslide                                                                                                                                                                              
• Earlier water flow                                                                                                                                                   
• Land subsidence                                                                                                                                                                        
• Sea level rise                                                                                                                                                                            
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• More concentrated water flow 
The next risks identified were ‘‘Ocean/storm surge’’ and ‘‘reduced stream/River flow’’ which scored 60% 
and 52% respectively.  
5.3 Analysis of Questionnaire Responses                                                                                           
In analysing the responses to the questions, an understanding of how impact was defined in the 
context of this study or interpretation of these categories of impacts as defined by the 
respondents is as listed in Table 5.1: 
Table  5.1: Interpretation of observed impacts and responses 
Impact Scale Interpretation 
Score Code Implication Category Response 
Scale  
Excessive 4.50 – 5.00 A situation of extreme emergency on all of ‘‘Cost’’, 
‘‘Quality’’ and ‘‘Time’’ of water services at any or all 
levels (Upstream/Intermediate/Downstream), which is 
capable of interrupting services for days.  
3+ Most 
Adequate 
Major 3.50 – 4.49 A situation that affects any 2 of 3 of utility’s 
enterprise ‘‘Cost’’, ‘‘Quality’’ and ‘‘Time’’ at any 
stream level (Upstream/Intermediate/Downstream), 
which is capable of interrupting services for hours. 
3 Adequate 
Moderate 1.50 – 3.49 A situation that involves any 1 of 3 of ‘‘Cost’’, 
‘‘Quality’’ or ‘‘Time’’ at any stream level 
(Upstream/Intermediate/Downstream), and which may 
or may not interrupt services.  
2  Less 
Adequate 
Negligible 1.01 – 1.49 A situation that may not involve any noticeable  
impacts in terms of ‘‘Cost’’ or ‘‘Quality’’ or ‘‘Time’’, 
and may not be observed  at any stream level 
(Upstream/Intermediate/Downstream) 
1 Inadequate 
Note: Scores that wre less than 1 were categorised as having no impact and recording zero action or response. 
Notable from Table 5.1 are the attributes of  ‘cost’, ‘quality’ and ‘time’ which are considered as 
important elements of risk analysis for this study. Categories ‘3+’ and ‘3’ are high impact risks and 
constitute a big challenge which should be addressed by these utilities if they are to meet their 
corporate objectives. The response scales defines the level of effort or input by utilities in 
addressing the impacts. It does not connote or infer that e.g. ‘‘Less Adequate’’ response is most 
appropriate for a ‘‘Moderate impact’’. This classification merely interprets the emergent feedback 
from the questionnaires. Detailed discussions on the implications of these impacts especially 
those categorized as High Impact risks (‘3+’ and ‘3’) is made in Chapter 6. The impact scales of 
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Table 5.1 has been used in interpreting Tables 5.2 – 5.5 in response to Research Question (RQ) 1, 
while the response scale was used in interpreting other Research Questions, especially RQ2 -5. 
5.3.1 RQ 1: What are the impacts of extreme weather events on utility operations?                                                                                                                                                                                                             
The Delphi technique as applied previously used an open-ended question to facilitate the 
generation of a wide array of response categories which were aggregated to constitute identified 
climate hazards or related risks common across the utilities in the Niger Delta. The next stage 
was a follow-up investigation using questionnaires developed thereform, to find out water supply 
challenges that are attributable to extreme events and their impacts. Answering this question was 
the crux of research question 1, which correspondingly yielded utility specific responses as 
shown on Tables 5.2 – 5.5 as follows:  
Table  5.2: Respondents’ at the Imo State Water Corporation (ISWC) responses to 
impacts of climate variability/extreme events on utility operations                                                                                                                                                     
1)Excessive 
Impact (4.50 -5.00) 
2)Major Impact (3.50 
– 4.49)      
 
3)Moderate 
Impact (2.50 – 
3.49) 
4)Negligible Impact 
(1.50 – 2.49) 
5)No Impact  
(1.00 – 1.49) 
Land erosion  
 
Flooding  
 
Inadequate financial 
resources   
 
Ageing and 
inadequate 
infrastructure  
 
Increasing urban 
demand for water 
Customer 
dissatisfaction  
 
Flooding(chemical 
mixes to deal with 
prolonged turbidity)  
 
Flooding (backwashing 
of filters)  
 
Iron contamination  
 
Landslide  
 
Inaccurate climate 
modelling and planning 
difficulties                   
 
Land inundation  
Change in watershed 
vegetation  
Unstable annual rainfall                        
Increasing rainfall 
intensity (mm per hour)                    
Decreasing surface 
water quality 
Reduced stream/ 
river flow 
 
Earlier water flow 
 
Submersion of 
water supply 
facilities   
 
Damage to water 
supply facilities 
 
 
 
More concentrated 
water flow 
 
Land subsidence 
 
Decreasing 
GW/Aquifer recharge 
Coastal erosion 
 
Ocean surge 
 
Sea level rise 
 
From Table 5.2 above, it could be seen that the greatest events impacting on ISWC are those 
listed under the first and second rows with mean scores increasing from 3.50 to 5.00. Responses 
here shows that events such as land erosion, flooding, inadequate financial resources, ageing and 
inadequate infrastructure and increasing urban demand for water (all on row 1), and customer 
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dissatisfaction, flooding(chemical mixes to deal with prolonged turbidity), flooding (backwashing 
of filters), iron contamination , landslide, inaccurate climate modelling and planning difficulties, 
land inundation,  change in watershed vegetation, unstable annual rainfall, increasing rainfall 
intensity (mm per hour) and decreasing surface water quality (all in row 2) are getting worst as 
they increase from major impacts to excessive impacts. The implication is that they have a 
category 3+ and 3 rating, showing their abilility to disrupting water services or utility operations 
from hours to days hence impacting service quality, time and cost. For the ISWC, items on row 5 
had no impact and these include Coastal erosion, Ocean surge and Sea level rise etc.Severity or 
otherwise of impacts according to utility personnel are the tendency of the event to shut down, 
constrain or impose operational difficulties on the utility. For example, erosion causes enormous 
turbidity and the influx of silt and sand into the utility’s water treatment systems while flooding 
causes turbidity as well as submersion of critical infrastructure etc. The impacts of flood consist 
especially of the demand for chemical mixes to deal with prolonged turbidity as well as the 
backwashing of filters etc.  
Table  5.3: Respondents’ at Cross River State Water Board Ltd (CRSWB) responses to 
impacts of climate variability/extreme events on utility operations                                           
1)Excessive Impact 
(4.50-5.00) 
2)Major Impact (3.50-4.49) 3)Moderate 
Impact  
(2.50-3.49) 
4)Negligible 
Impact 
(1.50-2.49) 
5)No 
Impact  
(1.00 -
1.49) 
Saltwater intrusion 
 
Increasing urban demand 
for water 
 
Decreasing surface water 
quality 
Unstable annual rainfall 
Iron contamination 
Land inundation 
Flooding 
Flooding (backwashing of 
filters)  
Flooding(chemical mixes 
to deal with prolonged 
turbidity) 
 
Increasing O&M 
 
Increasing rainfall intensity (mm per 
hour) 
Land erosion 
Change in watershed vegetation 
Inaccurate climate modelling and 
planning difficulties 
Submersion of water supply facilities 
Coastal erosion 
Landslide 
Earlier water flow 
Flooding(extensive structural 
damage to components of the water 
system) 
Rain storm 
 
 
Damage to 
water supply 
facilities 
 
Sea level rise 
 
Reduced 
stream/ river 
flow 
 
Inadequate 
financial 
resources 
 
Ocean surge 
 
 
 
Decreasing 
GW/Aquifer 
recharge 
 
Land 
subsidence 
 
Customer 
dissatisfaction 
 
More 
concentrated 
water flow 
 
 
 
 
Militancy 
and 
vandalism 
 
Table 5.3 shows in row 5 that militancy and vandalism has no impact on the operations of the 
CRSWB Ltd, while decreasing groundwater/aquifer recharge, land subsidence, customer 
dissatisfaction, and more concentrated water flow all had negligible impact. However, saltwater 
intrusion of aquifers, decreasing surface water quality, unstable annual rainfall, land inundation 
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and flooding had a category 3+ impact which meant excessive effects on water services quality, 
time and cost. Items on the second row in Table 5.3 further espouses the increasing severity of 
flooding as well as an indication of sources of some of the category 3+ impacts e.g. decreasing 
surface water quality (row 1) could possibly might have arisen from change in watershed 
vegetation, land erosion and increasing rainfall intensity (row 2), while rainstorm and structure-
damaging flood events (row 2) could be responsible for flood events in row 1.  
Table  5.4: Respondents’ at Rivers State Water Board responses to impacts of climate 
variability/extreme events on utility operations                                           
Excessive Impact 
(4.50 – 5.00) 
Major Impact                   
(3.50 – 4.49) 
Moderate Impact                  
(2.50 – 3.49) 
Negligible 
Impact  
(1.50 – 2.49) 
No Impact 
(1.00 – 1.49) 
Increasing urban 
demand for water 
 
Increasing O&M 
 
Decreasing surface 
water quality 
 
Increasing rainfall 
intensity (mm per 
hour) 
 
Unstable annual 
rainfall 
 
Change in 
watershed 
vegetation 
 
Inaccurate climate 
modelling and 
planning difficulties 
 
Decreasing 
GW/Aquifer 
recharge 
 
Flooding 
 
Salt water intrusion 
 
Iron contamination 
 
Land inundation 
 
Damage to water supply 
facilities 
 
Customer dissatisfaction 
 
Inadequate financial 
resources 
 
Ageing and inadequate 
infrastructure 
 
Flooding(extensive 
structural damage to 
components of the water 
system) 
 
Land erosion 
 
Submersion of water 
supply facilities 
 
Coastal erosion 
 
Landslide 
 
Ocean surge 
 
Rain storm 
 
Militancy and vandalism 
 
Flooding (backwashing of 
filters) 
 
Flooding(chemical mixes 
to deal with prolonged 
turbidity) 
 
Flooding (cost associated 
with operator overtime) 
 
Sea level rise 
 
Earlier water 
flow 
 
Land 
subsidence 
 
Reduced 
stream/ river 
flow 
 
 
More 
concentrated 
water flow 
 
 
The scores in Table 5.4 above shows in row 5, more concentrated water flow being rated as 
having no impact on the operations of the RSWB, while earlier water flow, land subsidence and 
reduced stream/ river flow all had negligible impact. Relative to the study context decreasing 
surface water quality, unstable annual rainfall, decreasing ground water recharge, flooding and 
change in watershed vegetation have a category 3+ status, while  salt water intrusion, land 
inundation, damage to water supply facilities, inadequate financial resources, flooding and ageing 
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and inadequate infrastructure have a category 3 status. The state of flux amongst the risk streams 
(refer to section 3.4 and Figure 3.3) could mean that inadequate financial resources could be 
largely responsible for the ageing and inadequate infrastructure, inaccurate climate modelling and 
inability to meet increasing urban demand for water amongst others. 
Table  5.5: Respondents’ at Bayelsa State Water Board responses to impacts of climate 
variability/extreme events on utility operations  
1)Excessive 
Impact 
(4.50 – 5.00) 
2)Major Impact 
(3.50 – 4.49) 
3)Moderate 
Impact (2.50 – 
3.49) 
4)Negligible 
Impact (1.50 – 
2.49) 
5)No Impact                  
(1.00 – 1.49) 
Flooding 
 
Salt water 
intrusion 
 
Increasing 
rainfall intensity 
(mm per hour) 
 
Unstable annual 
rainfall 
 
Iron 
contamination 
 
Land inundation 
 
Inaccurate 
climate 
modelling and 
planning 
difficulties  
 
Submersion of 
water supply 
facilities 
 
 
Rain storm 
 
Flooding(extensive structural damage 
to components of the water system) 
 
Ageing and inadequate infrastructure 
 
Inadequate financial resources 
 
Damage to water supply facilities 
 
Change in watershed vegetation 
 
Land erosion 
 
Ocean surge 
 
Increasing urban demand for water 
 
Increasing O&M 
 
Decreasing surface water quality 
 
Flooding(chem
ical mixes to 
deal with 
prolonged 
turbidity) 
 
Flooding (cost 
associated with 
operator 
overtime) 
 
Customer 
dissatisfaction 
 
Earlier water flow 
 
Land subsidence 
 
Sea level rise 
 
Reduced stream/ 
river flow 
 
Flooding 
(backwashing of 
filters) 
 
Militancy and 
vandalism 
 
More concentrated 
water flow 
 
Decreasing 
GW/Aquifer 
recharge 
 
Landslide  
 
Coastal erosion 
 
 
- 
 
The scores in table 5.5 above shows that BYSWB as having all events recording impacts on the 
utility as none was listed in row 5. However,  Flooding, Salt water intrusion, Increasing rainfall 
intensity (mm per hour), Unstable annual rainfall, Iron contamination, Land inundation, 
Inaccurate climate modelling and planning difficulties and the Submersion of water supply 
facilities dominate in row 1 as having excessive impact on utility operations. These extreme 
events and stresses as identified in row 1 are capable of shutting down utility water supply 
operations for a couple of weeks with extensive repairs including replacement of machineries; 
building of new structures and/or hiring of new staffs, contractors or consultants etc. Those on 
row 2 such as Rain storm, Flooding(extensive structural damage to components of the water 
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system), Ageing and inadequate infrastructure, Inadequate financial resources, Damage to water 
supply facilities, Change in watershed vegetation, Land erosion, Ocean surge, Increasing urban 
demand for water, Increasing O&M and Decreasing surface water quality etc. are capable of 
shutting down utility operation for a few days with major repairs of existing machineries without 
need for their replacement or hiring of new staffs or building of new structures etc. And those 
on row 3 may or may not shut down utility operations though require some repairs etc.                                                                                                                                                                           
5.3.2 RQ 2: How do key water utility personnel understand these impacts?                                                                                                                                                                                              
The aim of this question was to find out how existing knowledge, practices and responses to 
extreme events evolve. It further assesses the level of awareness of climate science including 
issues of climate variability and how climate information are sourced and used. Tables 5.6 – 5.9 
reflects the responses from the utilities: 
Table  5.6: How Key ISWC personnel understand these impacts?                                                                                                                                                                                              
Variable Mean Variable Mean 
1) Our strategy for drinking water supplies 
is done unaware of climate issues? 
4.75 5) The Utility relies on unscientific sources 
for climate information? 
3.63 
2) Observed changes have occurred in the 
long term annual rainfall patterns? 
4.50 6) The Utility is unaware of official 
statements by NIMET on climate 
variability? 
3.50 
3) Inadequate information relating to 
climate variability is common in our 
basin? 
4.25 7) Irrelevant tools are used in climate-
aware risk assessment? 
3.25 
4) Our estimates of climate variability is 
uninformed by science? 
4.00 8) The Utility distrusts information from 
the Nigerian Meteorological Agency 
(NIMET)? 
2.38 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
Here, for example variable (1) in Table 5.6 has a high score of 4.75 in a scale of 1 -5. This is 
indicative that ISWC decisions on drinking water supplies are made without due diligence to 
climate concerns. From these scores, it could be inferred that ISWC actions on climate extremes 
are ad hoc or reactionary. High rate score here indicates lack of any strategy in addressing such 
events as strategies are built on sound knowledge of issues, but here poor understanding and 
knowledge dominates, the result being constrained proactiveness.  To adapt to climate extremes 
the role of science-driven evidence is necessary and pivotal. It facilitates the understanding of 
vulnerability and enhances planning for adaptation. Utility personnel interviewed see this as a 
vital first step for setting priorities. Apart from variable (8) on Table 5.6, other variables had 
scores well ahead of 3.00, which largely firms up the inference that what drives or mould 
understanding of these impacts could be anything but a concerted approach by the utility to 
make its source of knowledge credible and robust. 
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Table  5.7: How Key CRSWB personnel understand these impacts?                                                                                                                                                                                              
Variable Mean Variable Mean 
1) Observed changes have occurred in the 
long term annual rainfall patterns? 
4.25 5) The Utility relies on unscientific sources 
for climate information? 
2.25 
2) Our strategy for drinking water supplies 
is done unaware of climate issues? 2.88 
6) Irrelevant tools are used in climate-
aware risk assessment? 1.88 
3) Our estimates of climate variability is 
uninformed by science? 
2.50 7) The Utility is unaware of official 
statements by NIMET on climate 
variability? 
1.13 
4) Inadequate information relating to 
climate variability is common in our 
basin? 
2.38 8) The Utility distrusts information from 
the Nigerian Meteorological Agency 
(NIMET)? 
1.13 
          Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00                                                                                                                                                                          
It can be seen from variable (1) in Table 5.7 that a high score of 4.25 was recorded in a scale of 1 
-5. This possibly indicates that CRSWB decisions on drinking water supplies are arbitrarily made 
without due diligence to climate concerns. This also applies to variables 2 and 3. From these 
scores, it could be inferred that ad hoc or reactionary responses is not the norm in CRSWB  as 
other variables had very low scores, showing that the utility has some good patterns or  strategy 
in addressing such events, as strategies are built on sound knowledge of issues.  
Table  5.8: How Key RSWB personnel understand these impacts?                                                                                                                                                                                              
Variable Mean Variable Mean 
Our strategy for drinking water supplies is 
done unaware of climate issues? 
4.88 The Utility relies on unscientific sources 
for climate information? 
3.38 
Observed changes have occurred in the 
long term annual rainfall patterns? 
4.88 The Utility is unaware of official 
statements by NIMET on climate 
variability? 
3.25 
Our estimates of climate variability is 
uninformed by science? 
4.25 The Utility distrusts information from the 
Nigerian Meteorological Agency 
(NIMET)? 
3.00 
Inadequate information relating to climate 
variability is common in our basin? 
4.13 Irrelevant tools are used in climate-aware 
risk assessment? 
2.75 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
It can be seen from variable (1) in Table 5.8, that a high score of 4.88 was recorded in a scale of 
1 -5. This is indicative that RSWB decisions on drinking water supplies are made without due 
diligence to climatic concerns. Climatic concerns here include the possibility of high intensity 
rainfall, recharge of sources, and possibility of flood events etc. This also applies to variable nos. 
2, 3, 4, 5, 6, 7 and 8 which all had scores averaging above 2.50. From these scores, it could be 
inferred that RSWB actions were possibly reactionary. 
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Table  5.9: How Key BYSWB personnel understand these impacts?                                                                                                                                                                                              
Variable Mean Variable Mean 
1) Observed changes have occurred in the 
long term annual rainfall patterns? 
5.00 5) Irrelevant tools are used in climate-
aware risk assessment? 
3.50 
2) Our strategy for drinking water supplies 
is done unaware of climate issues? 
4.88 6) Inadequate information relating to 
climate variability is common in our basin? 
3.25 
3) Our estimates of climate variability is 
uninformed by science? 
4.50 7) The Utility distrusts information from 
the Nigerian Meteorological Agency 
(NIMET)? 
2.25 
4) The Utility relies on unscientific 
sources for climate information? 3.87 
8) The Utility is unaware of official 
statements by NIMET on climate 
variability? 
1.63 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
The widespread distribution of high scores here (scores above 2.50) is generally indicative that 
decisions are casually made. It also underscores the absence of any methodology, sequence or 
even a strategic framework upon which BYSWB actions are driven. For example variable (1) in 
Table 5.9 has a high score of 5.00, which is the maximum score in the 1 – 5 ranking scale. This is 
indicative that BYSWB decisions on drinking water supplies are arbitrarily made without due 
diligence to climatic concerns. Climatic concerns here include the possibility of high intensity 
rainfall, recharge of sources, and possibility of flood events etc. This also applies to variable nos. 
2, 3, 4, 5 and 6 which all had scores averaging above 2.50. From these scores, it could be inferred 
that BYSWB actions are generally ad hoc or reactionary. 
5.3.3 RQ 3:   What is the extent of utility vulnerability?                                                                                                                        
Vulnerability in the context of this study is defined as a utility’s inability to withstand adverse 
stress based on limited or constrained capacity to adapt hence creating pathways or medium 
through which risk impacts the utility. The RQ seeks to identify of extent of the utilities’ 
vulnerability to external threats associated with its location in the delta environment and internal 
weaknesses associated with its institutional affairs. This includes a utility’s vulnerability to having 
its services constrained as a result of degraded or malfunctioning infrastructure. When conditions 
of vulnerability are effectively attended to, potential risks lurking within it are eliminated and the 
capacity to operate and function optimally increases. Coupled to analysis made under this 
section, is the need to review the financial situation of the utilities as a primary vulnerability 
variable. It is evident from tables 2.13(ISWC); 2.18(RSWB); 2.22(CRSWB) and 2.27(BYSWB) 
that the high number of staffs, very lean revenue sources (income) and small number of 
connected customers compared to city population predispose the utilities to harm. However, to 
determine the utility’s vulnerability in the context of climate variability a total of 26 questions 
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were asked respondents, and the sample mean score of their responses is tabulated in Table 5.10 
– 5.13: 
Table  5.10: What is the extent of ISWB vulnerability?                                                                                                                        
Variable Mean Variable Mean 
1) The limited runoff capacity of urban 
drainage system is a barrier to managing 
flood? 
5.00 14) High cost of infrastructure is a barrier 
to adaptation planning? 
4.00 
2) Inadequate coordination among 
government agencies in the watershed is a 
barrier to adaptation planning? 
5.00 15) Absence of climate related hazard and 
risk management professional training 
programme limits adaptation planning? 
4.00 
3) Absence of effective leadership within 
utility is a barrier to adaptation planning? 5.00 
16) Vulnerability assessment is an 
uncommon practice in the utility? 3.75 
4) Limited funding is a barrier to 
adaptation planning? 
5.00 17) Agricultural activities dominate the 
watershed? 
3.63 
5) Inadequate climate information in the 
utility is a barrier to adaptation planning? 
4.88 18) Absence of capacity to secure loans or 
grants limits adaptation planning? 
3.63 
6) Lack of skilled manpower in critical 
areas is a barrier to adaptation planning? 4.75 
19) Industrial activities dominate the 
watershed? 3.25 
7) Residential housing dominates the 
watershed? 
4.63 20) The utility's water source is vulnerable 
to flooding? 
2.63 
8) The utility's water source is vulnerable 
to nutrient loading? 
4.63 21) Nature reserve and forests dominate 
the watershed? 
2.50 
9) Absence of water safety plan limits 
utility capacity for quality control? 4.63 
22) All or any of – limited service 
coverage, intermittent supplies and 
growing public scorn is a barrier to 
adaptation planning? 
2.38 
10) Absence of policy and institutional 
reforms is a barrier to adaptation 
planning? 
4.50 23) The utility's water source is vulnerable 
to saltwater intrusion? 
2.38 
11) Improper collection and disposal of 
municipal sewage and solid waste is a 
barrier to adaptation planning? 
4.38 24) The activities of Non-State Water 
Service Providers are a barrier to 
adaptation planning? 
2.25 
12) Absence of requisite data and 
documentation is a barrier to adaptation 
planning? 
4.13 25) Utility facilities are generally located on low grounds? 1.25 
13) The absence of climate risk 
management policy limits adaptation 
planning? 
4.13 26) The utility's water source is vulnerable 
to drought? 
1.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
Mean scores in Table 5.10 is indicative of the extent of vulnerability based on the variables used. 
These variables are not exhaustive but have largely been designed to cover as much attributes as 
possible which are possible within and outside the ISWC but yet capable of influencing its plans 
at adaptation in order to reduce its vulnerability to climate extremes. Higher scores from the 
table are indicative of higher levels of vulnerability whereas lower scores indicate otherwise. 
Variables 1 – 4 in table 5.10 with mean scores of 5 in an ordinal scale of 1 -5 shows that those 
variables imposes the greatest level of vulnerability in the context of this research on the ISWC. 
They are always an exposure factor that threatens ISWC ability to plan and overcome its 
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everyday threats and weaknesses. In similar order but of decreasing severity are variables 5 -15 
and 16 – 21 etc. Variables 22 – 26 had low scores and could be interpreted as impacting limited 
vulnerability on the ISWC etc.   
Table  5.11: What is the extent of CRSWB vulnerability?                                                                                                                        
Variable Mean Variable Mean 
1) The utility's water source is vulnerable 
to flooding? 
5.00 14) Improper collection and disposal of 
municipal sewage and solid waste is a 
barrier to adaptation planning? 
2.38 
2) The limited runoff capacity of urban 
drainage system is a barrier to managing 
flood? 
4.38 15)Residential housing dominates the watershed 
 
2.38 
3) The utility's water source is vulnerable 
to nutrient loading? 
3.63 16) The activities of Non-State Water 
Service Providers are a barrier to 
adaptation planning? 
2.25 
4) Agricultural activities dominate the 
watershed? 3.25 
17) Absence of requisite data and 
documentation is a barrier to adaptation 
planning? 
2.25 
5) High cost of infrastructure is a barrier 
to adaptation planning? 
3.25 18) Lack of skilled manpower in critical 
areas is a barrier to adaptation planning? 
2.25 
6) Utility facilities are generally located on 
low grounds? 3.25 
19) Absence of climate related hazard and 
risk management professional training 
programme limits adaptation planning? 
2.25 
7) The utility's water source is vulnerable 
to saltwater intrusion? 
3.25 20) Absence of effective leadership within 
utility is a barrier to adaptation planning? 
2.13 
8) Inadequate climate information in the 
utility is a barrier to adaptation planning? 3.13 
21) All or any of – limited service 
coverage, intermittent supplies and 
growing public scorn is a barrier to 
adaptation planning? 
1.75 
9) Vulnerability assessment is an 
uncommon practice in the utility? 
2.75 22) Inadequate coordination among 
government agencies in the watershed is a 
barrier to adaptation planning? 
1.75 
10) Absence of policy and institutional 
reforms is a barrier to adaptation 
planning? 
2.63 23) Limited funding is a barrier to 
adaptation planning? 
1.75 
11) Industrial activities dominate the 
watershed? 2.63 
24) Absence of capacity to secure loans or 
grants limits adaptation planning? 1.63 
12) Nature reserve and forests dominate 
the watershed? 
2.50 25) Absence of water safety plan limits 
utility capacity for quality control? 
1.38 
13) The absence of climate risk 
management policy limits adaptation 
planning? 
2.50 26) The utility's water source is vulnerable 
to drought? 
1.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
A closer look at Table 5.11 shows that variables 1- 13 on the left hand-side recorded higher 
values ranging from 2.50 – 5.00. For example, here, respondents saw the absence of policy and 
institutional reform as a barrier to adaptation planning, same as  the dominance of agricultural 
activities in the watershed, the high cost of infrastructure, the location of utility facilities’ on low 
grounds as well as the CRSWB water source which is prone to saltwater intrusion etc. These high 
scores are largely indicative of utility’s vulnerability in the context of those variables. On the 
other hand, variables 14 to 26 on the right hand- side had lower scores which are indicative of 
limited vulnerability in the context of those variables i.e. they do not pose or constitute any 
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operational problem per se to the CRSWB etc. For example, top on this list are the limitations of 
funding, the absence of capacity to secure loans or grants, the absence of water safety plan as 
well as the CRSWB water source is not being prone to drought. 
Table  5.12: What is the extent of RSWB vulnerability?                                                                                                                        
Variable Mean Variable Mean 
1) Residential housing dominates the 
watershed? 5.00 
14) High cost of infrastructure is a barrier 
to adaptation planning? 4.00 
2) Absence of effective leadership within 
utility is a barrier to adaptation planning? 
4.88 15) Improper collection and disposal of 
municipal sewage and solid waste is a 
barrier to adaptation planning? 
4.00 
3) Limited funding is a barrier to 
adaptation planning? 4.88 
16) The absence of climate risk 
management policy limits adaptation 
planning? 
3.88 
4) The utility's water source is vulnerable 
to nutrient loading? 
4.88 17) Inadequate climate information in the 
utility is a barrier to adaptation planning? 
3.75 
5) Inadequate coordination among 
government agencies in the watershed is a 
barrier to adaptation planning? 
4.75 18) Absence of capacity to secure loans or grants limits adaptation planning? 3.50 
6) The limited runoff capacity of urban 
drainage system is a barrier to managing 
flood? 
4.50 19) Industrial activities dominate the 
watershed? 
3.38 
7) The utility's water source is vulnerable 
to saltwater intrusion? 4.50 
20) Vulnerability assessment is an 
uncommon practice in the utility? 3.25 
8) The utility's water source is vulnerable 
to flooding? 
4.38 21) Utility facilities are generally located on 
low grounds? 
2.75 
9) Absence of policy and institutional 
reforms is a barrier to adaptation 
planning? 
4.38 22) The activities of Non-State Water 
Service Providers are a barrier to 
adaptation planning? 
2.38 
10) Absence of water safety plan limits 
utility capacity for quality control? 
4.25 23) Agricultural activities dominate the 
watershed? 
2.25 
11) Absence of climate related hazard and 
risk management professional training 
programme limits adaptation planning? 
4.25 24) All or any of – limited service 
coverage, intermittent supplies and 
growing public scorn is a barrier to 
adaptation planning? 
1.88 
12) Absence of requisite data and 
documentation is a barrier to adaptation 
planning? 
4.13 25) The utility's water source is vulnerable 
to drought? 
1.13 
13) Lack of skilled manpower in critical 
areas is a barrier to adaptation planning? 4.13 
26) Nature reserve and forests dominate 
the watershed? 1.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
Apart from variable nos.23 – 26, all the other 22 variables in Table 5.12 had mean scores that are  
above 2.50. This attribute is largely indicative of the immense vulnerability of the RSWB to a 
majority of the variables rated. Top on this list are the dominance of residential housing in the 
watershed, the absence of effective leadership within RSWB, the limitations of funding, impacts 
of nutrient loading on RSWB water source, and the inadequate coordination among government 
agencies in the watershed etc. 
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Table  5.13: What is the extent of BYSWB vulnerability?                                                                                                                        
Variable Mean Variable Mean 
1) The limited runoff capacity of urban 
drainage system is a barrier to managing 
flood? 
5.00 14) Inadequate climate information in the utility is a barrier to adaptation planning? 4.38 
2) The utility's water source is vulnerable to 
saltwater intrusion? 
5.00 15) The activities of Non-State Water Service 
Providers are a barrier to adaptation planning? 
4.25 
3) The utility's water source is vulnerable to 
flooding? 5.00 
16) Absence of policy and institutional 
reforms is a barrier to adaptation planning? 4.25 
4) Utility facilities are generally located on low 
grounds? 
4.88 17) Inadequate coordination among 
government agencies in the watershed is a 
barrier to adaptation planning? 
4.25 
5) Limited funding is a barrier to adaptation 
planning? 4.88 
18) The absence of climate risk management 
policy limits adaptation planning? 4.25 
6) The utility's water source is vulnerable to 
nutrient loading? 
4.88 19) Absence of capacity to secure loans or 
grants limits adaptation planning? 
3.75 
7) Absence of requisite data and 
documentation is a barrier to adaptation 
planning? 
4.75 20)Residential housing dominates the 
watershed 
3.50 
8) High cost of infrastructure is a barrier to 
adaptation planning? 
4.75 21) All or any of – limited service coverage, 
intermittent supplies and growing public scorn 
is a barrier to adaptation planning? 
3.38 
9) Absence of effective leadership within 
utility is a barrier to adaptation planning? 
4.63 22) Industrial activities dominate the 
watershed? 
2.63 
10) Lack of skilled manpower in critical areas 
is a barrier to adaptation planning? 4.50 
23) Vulnerability assessment is an uncommon 
practice in the utility? 2.62 
11) Improper collection and disposal of 
municipal sewage and solid waste is a barrier 
to adaptation planning? 
4.50 24) Agricultural activities dominate the 
watershed? 
2.50 
12) Absence of water safety plan limits utility 
capacity for quality control? 4.50 
25) Nature reserve and forests dominate the 
watershed? 2.13 
13) Absence of climate related hazard and risk 
management professional training programme 
limits adaptation planning? 
4.50 26) The utility's water source is vulnerable to 
drought? 
1.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
Apart from variable nos.25 and 26, all the other 24 variables in Table 5.13 had mean scores of 
above 2.50. This attribute is largely indicative of the immense vulnerability of the BYSWB to a 
majority of the variables rated. Top on this list are the limited runoff capacity of urban drainage 
system, the BYSWB water source is vulnerability to saltwater intrusion, the BYSWB water source 
vulnerability to flooding, BYSWB facilities generally being  located on low grounds, the 
limitations of funding, the BYSWB water source being vulnerable to nutrient loading, the 
absence of requisite data and documentation, the high cost of infrastructural development, the 
absence of effective leadership within BYSWB, the lack of skilled manpower in critical areas of 
the BYSWB, improper collection and disposal of municipal sewage and solid waste, the absence 
of water safety plan and the absence of climate related hazard and risk management professional 
training programme etc. 
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5.3.4 RQ 4: What are current utility efforts to address these vulnerabilities?                                                                                                                    
This RQ assesses actions used or being used by utilities to address the impact or vulnerabilities. 
That is, what appropriate interventions are happening in the utilities in response to these 
vulnerabilities? In view of this, the study aggregated the sample mean score of respondents’ 
responses to a total of 20 questions in Table 5.14 – 5.17 respectively, in order to analyse.                                                    
Table  5.14: What are current ISWB efforts to address these vulnerabilities?                                                                                                                    
Variable Mean score Variable Mean score 
1) In order to address climate change 
the utility reduces water supplies? 
1.88 11) In order to address climate change 
the utility extends network 
connections? 
2.75 
2) In order to address climate change 
the utility monitor changes to improve 
watershed? 
2.38 12) In order to address climate change 
the utility engages in inter-agency 
networking? 
1.88 
3) In order to address climate change 
the utility recycles waste water or reuse 
grey water? 
1.00 13) In order to address climate change 
the utility moves facilities to higher 
ground? 
1.00 
4) In order to address climate change 
the utility reduces non-revenue water 
(leakages)? 
3.00 14) To what extent does the utility 
promote the use of water meters by 
customers? 
1.87 
5) In order to address climate change 
the utility increases water treatment 
capacity? 
2.13 15) Does the utility promote water 
conservation in households? 
2.25 
6) In order to address climate change 
the utility recharges groundwater 
aquifer? 
1.00 16) The utility uses a watershed 
management plan? 
1.38 
7) In order to address climate change 
the utility desalinizes seawater? 
1.00 17) Investment planning in the utility 
also incorporates elements of risk 
management? 
2.25 
8) In order to address climate change 
the utility installs flood barriers? 
1.13 18) The water utility has a policy 
document on Climate Change? 
1.50 
9) In order to address climate change 
the utility increases reservoir storage 
capacity? 
1.88 19) New investments have been made 
by the utility in response to floods or 
droughts events?   
1.25 
10) In order to address climate change 
the utility rationalizes allocation of 
water supplies? 
2.62 20) The utility’s budgetary allocations 
provide for Emergency Response and 
Recovery (ER&R)? 
1.38 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
Higher scores in Table 5.14 above, especially scores ranking above 2.50 indicates suitable and 
appropriate actions while otherwise is indicative of little or no action. Variables number 4, 10, 
and 11 had mean scores above 2.50 which show that in order to address climate change the 
ISWB reduces non-revenue water (leakages), rationalizes allocation of water supplies, and 
extends network connections etc. But the general weakness here is that all these actions are done 
mostly ‘‘Sometimes’’. This shows a norm of insouciance (ad hoc practice) as against diligence 
that comes with strategic management or planning. 
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Table  5.15: What are current CRSWB efforts to address these vulnerabilities?                                                                                                                    
Question Mean 
score 
Question Mean 
score 
1) In order to address climate change the 
utility reduces water supplies? 
1.25 11) In order to address climate change the 
utility extends network connections? 
3.50 
2) In order to address climate change the 
utility monitor changes to improve 
watershed? 
2.00 12) In order to address climate change the 
utility engages in inter-agency networking? 
3.13 
3) In order to address climate change the 
utility recycles waste water or reuse grey 
water? 
1.00 13) In order to address climate change the 
utility moves facilities to higher ground? 
1.00 
4) In order to address climate change the 
utility reduces non-revenue water 
(leakages)? 
3.63 14) To what extent does the utility promote the 
use of water meters by customers? 
4.50 
5) In order to address climate change the 
utility increases water treatment capacity? 
2.25 15) Does the utility promote water conservation 
in households? 
3.50 
6) In order to address climate change the 
utility recharges groundwater aquifer? 
1.13 16) The utility uses a watershed management 
plan? 
1.75 
7) In order to address climate change the 
utility desalinizes seawater? 
1.00 17) Investment planning in the utility also 
incorporates elements of risk management? 
2.00 
8) In order to address climate change the 
utility installs flood barriers? 
1.50 18) The water utility has a policy document on 
Climate Change? 
1.75 
9) In order to address climate change the 
utility increases reservoir storage capacity? 
1.87 19) New investments have been made by the 
utility in response to floods or droughts events?   
1.38 
10) In order to address climate change the 
utility rationalizes allocation of water 
supplies? 
2.13 20) The utility’s budgetary allocations provide 
for Emergency Response and Recovery 
(ER&R)? 
1.25 
        Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00                                                                                                                                                       
The scores in Table 5.15 reveal actions and inactions of the utility to mitigate its vulnerability. 
For example, high scores are indicative of a positive action currently being deployed by the 
CRSWB to address or mitigate its vulnerability while low scores indicate otherwise. From the 
table therefore it is apparent that in order to address climate change the CRSWB reduces non-
revenue water (leakages),  the CRSWB extends network connections, the CRSWB engages in 
inter-agency networking,  the CRSWB promotes the use of water meters by customers, and the 
CRSWB promotes water conservation in households etc. These are represented by variable nos. 
4, 11, 12, 14, and 15. Other variables (with low scores) represent actions that are not yet normal 
practice in the utility in the context of mitigating its vulnerability to extreme climate events. 
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Table  5.16: What are current RSWB efforts to address these vulnerabilities?                                                                                                                    
Question Mean 
score 
Question Mean score 
1) In order to address climate change the 
utility reduces water supplies? 
1.00 11) In order to address climate change 
the utility extends network 
connections? 
2.25 
2) In order to address climate change the 
utility monitor changes to improve 
watershed? 
2.50 12) In order to address climate change 
the utility engages in inter-agency 
networking? 
2.00 
3) In order to address climate change the 
utility recycles waste water or reuse grey 
water? 
1.00 13) In order to address climate change 
the utility moves facilities to higher 
ground? 
1.88 
4) In order to address climate change the 
utility reduces non-revenue water 
(leakages)? 
1.38 14) To what extent does the utility 
promote the use of water meters by 
customers? 
1.50 
5) In order to address climate change the 
utility increases water treatment capacity? 
2.38 15) Does the utility promote water 
conservation in households? 
1.75 
6) In order to address climate change the 
utility recharges groundwater aquifer? 
1.00 16) The utility uses a watershed 
management plan? 
1.00 
7) In order to address climate change the 
utility desalinizes seawater? 
1.00 17) Investment planning in the utility 
also incorporates elements of risk 
management? 
2.50 
8) In order to address climate change the 
utility installs flood barriers? 
1.00 18) The water utility has a policy 
document on Climate Change? 
1.38 
9) In order to address climate change the 
utility increases reservoir storage capacity? 
2.88 19) New investments have been made 
by the utility in response to floods or 
droughts events?   
1.25 
10) In order to address climate change the 
utility rationalizes allocation of water 
supplies? 
2.75 20) The utility’s budgetary allocations 
provide for Emergency Response and 
Recovery (ER&R)? 
1.50 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
As Table 5.16 shows only variable nos. 2, 9, 10, and 17 met the 2.50 threshold, which in this case 
is indicative only of positive actions addressing the vulnerability of RSWB. Actions here 
identified are the RSWB increases reservoir storage capacity and the utility rationalizing 
allocation of water supplies. Other actions are the monitoring of changes to improve watershed 
as well as investment planning in the RSWB incorporating elements of risk management etc. 
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Table  5.17: What are current BYSWB efforts to address these vulnerabilities?                                                                                                                    
Question Mean 
score 
Question Mean 
score 
1) In order to address climate change the 
utility reduces water supplies? 
1.38 11) In order to address climate change the 
utility extends network connections? 
1.25 
2) In order to address climate change the 
utility monitor changes to improve 
watershed? 
2.00 12) In order to address climate change the 
utility engages in inter-agency networking? 
2.00 
3) In order to address climate change the 
utility recycles waste water or reuse grey 
water? 
1.75 13) In order to address climate change the 
utility moves facilities to higher ground? 
2.00 
4) In order to address climate change the 
utility reduces non-revenue water 
(leakages)? 
2.50 14) To what extent does the utility 
promote the use of water meters by 
customers? 
1.13 
5) In order to address climate change the 
utility increases water treatment capacity? 
2.00 15) Does the utility promote water 
conservation in households? 
1.87 
6) In order to address climate change the 
utility recharges groundwater aquifer? 
1.25 16) The utility uses a watershed 
management plan? 
1.13 
7) In order to address climate change the 
utility desalinizes seawater? 
1.25 17) Investment planning in the utility also 
incorporates elements of risk 
management? 
1.50 
8) In order to address climate change the 
utility installs flood barriers? 
1.25 18) The water utility has a policy document 
on Climate Change? 
1.13 
9) In order to address climate change the 
utility increases reservoir storage capacity? 
1.25 19) New investments have been made by 
the utility in response to floods or 
droughts events?   
1.38 
10) In order to address climate change the 
utility rationalizes allocation of water 
supplies? 
2.63 20) The utility’s budgetary allocations 
provide for Emergency Response and 
Recovery (ER&R)? 
1.75 
    Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
As Table 5.17 shows only variable nos. 4 and 10 met the 2.50 threshold, which in this case is 
indicative only of positive actions addressing the vulnerability of BYSWB. Actions here 
identified are BYSWB rationalization of allocation of water supplies and reduction of non-
revenue water such as leakages etc. The general implication is that the BYSWB still has a 
preponderance of its vulnerabilities still unattended to. This spells enormous risk both in the 
short and long term for the BYSWB. 
5.3.5 RQ 5:  How appropriate are approaches identified in section D above?                                                                                                                                                                                                                                                 
The aim of this RQ is an understanding of how decisions on adaptation are made. Answers or 
responses obtained are expected to further unveil factors that militate against utility’s adaptation 
or could support or favour adaptation. A total of 8 questions were therefore raised to the 
respondents, the answers from each of the 4 utilities in sample mean scores is as displayed on 
Table 5.18 – 5.21:  
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Table  5.18: How appropriate are approaches identified in section D above @ ISWC?                                                                                                                                                                                                                                                 
Variable Mean 
score 
Variable Mean 
score 
1) Have you ever compared or related 
your strategy with those of neighbouring 
utilities?     
1.88 5) Staff capacity is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
4.00 
2) Have you ever adopted or designed 
any model or frameworks for making 
decisions in the short and long terms?    
1.00 6) Geography/Location is a   factor in 
determining flexibility or otherwise of 
adaptation measures?     
3.25 
3) Technology is a factor in determining 
flexibility or otherwise of adaptation 
measures?   
3.63 7) Are you aware of any planned changes to 
national policy in the area of drinking – 
water supply in response to climate change? 
2.13 
4) Finance is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
4.75 8) Are you aware the Delta region urgently 
needs relevant changes in policy and other 
legislation in the area of drinking – water 
supply in response to climate change? 
2.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
From Table 5.18 above, higher scores is indicative of appropriateness of action or focus while 
lower scores indicate otherwise. Variables 3, 4, 5 and 6 had higher scores compared to the others. 
The implication is that the ISWC considers those actions and focus as being important and its 
enabling roles at helping it plan adaptation etc. 
Table  5.19: How appropriate are approaches identified in section D above @ CRSWB?                                                                                                                                                                                                                                                 
Variable Mean 
score 
Variable  Mean 
score 
1) Have you ever compared or related 
your strategy with those of neighbouring 
utilities?     
1.75 5) Staff capacity is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
1.50 
2) Have you ever adopted or designed 
any model or frameworks for making 
decisions in the short and long terms?    
1.87 6) Geography/Location is a   factor in 
determining flexibility or otherwise of 
adaptation measures?     
1.75 
3) Technology is a factor in determining 
flexibility or otherwise of adaptation 
measures?   
3.13 7) Are you aware of any planned changes to 
national policy in the area of drinking – 
water supply in response to climate change? 
3.50 
4) Finance is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
1.50 8) Are you aware the Delta region urgently 
needs relevant changes in policy and other 
legislation in the area of drinking – water 
supply in response to climate change? 
4.13 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
The appropriateness of actions aimed at mitigating vulnerabilities in the context of variables in 
Table 5.19 is aimed at adjusting it to a framework which possibly promotes best practice. It 
attempts to extract the respondent’s perception within a milieu of what possibly could give its 
present action(s) credibility and making it succeed. Answers’ so obtained generally had low 
scores except those of variable nos. 7 and 8. The implication of this is that the CRSWB possibly 
believes that organisational resilience is needed and possibly would leverage its actions. 
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Table  5.20: How appropriate are approaches identified in section D above @ RSWB?                                                                                                                                                                                                                                                 
Variable Mean 
score 
Variable  Mean 
score 
1) Have you ever compared or related 
your strategy with those of neighbouring 
utilities?     
2.88 5) Staff capacity is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
4.00 
2) Have you ever adopted or designed 
any model or frameworks for making 
decisions in the short and long terms?    
1.63 6) Geography/Location is a   factor in 
determining flexibility or otherwise of 
adaptation measures?     
3.63 
3) Technology is a factor in determining 
flexibility or otherwise of adaptation 
measures?   
4.13 7) Are you aware of any planned changes to 
national policy in the area of drinking – 
water supply in response to climate change? 
3.63 
4) Finance is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
4.00 8) Are you aware the Delta region urgently 
needs relevant changes in policy and other 
legislation in the area of drinking – water 
supply in response to climate change? 
4.00 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
In view of the variables in Table 5.20 as a determining or moulding background for actions for 
research question 4 above, it is apparent that RSWB considers all variables here relevant (except 
variable nos.2) as the high mean scores is indicative. 
Table  5.21: How appropriate are approaches identified in section D above @ BYSWB?                                                                                                                                                                                                                                                 
Question Mean 
score 
Question Mean 
score 
1) Have you ever compared or related 
your strategy with those of neighbouring 
utilities?     
1.75 5) Staff capacity is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
3.38 
2) Have you ever adopted or designed 
any model or frameworks for making 
decisions in the short and long terms?    
2.00 6) Geography/Location is a   factor in 
determining flexibility or otherwise of 
adaptation measures?     
3.00 
3) Technology is a factor in determining 
flexibility or otherwise of adaptation 
measures?   
3.38 7) Are you aware of any planned changes to 
national policy in the area of drinking – 
water supply in response to climate change? 
2.38 
4) Finance is a factor in determining 
flexibility or otherwise of adaptation 
measures?     
3.38 8) Are you aware the Delta region urgently 
needs relevant changes in policy and other 
legislation in the area of drinking – water 
supply in response to climate change? 
4.13 
     Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00      
In view of the variables in Table 5.21 above as a determinant background for actions carried out 
in mitigating vulnerability, it is apparent that BYSWB considers all variables here relevant (except 
variable nos.1 and 2) as the high mean scores is indicative.                                                                                                                                                 
5.3.6 RQ 6:  What appropriate adaptation measures can be suggested?                                                                                                                                                                                                                                             
The RQ aims to understand how resilience could be achieved with due cognisance to findings in 
RQ 1 – 5. In order to answer this question the Delphi technique was used (refer to annex Tables 
4.2a -f). As usual an open-ended question was used to facilitate the generation of a wide array of 
response categories in the context of the question:  What actions could you suggest to help your utility 
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adapt to climate change?  Though the process was the same for all the utilities, a segregated 
breakdown of what was suggested at the various utilities is as shown in Tables 5.22 – 5.25:                                                                                                                                                                                             
Table  5.22: What appropriate adaptation measures can be suggested @ ISWC?                                                                                                                                                                                                                                             
1)Most Suggested 
(4.50 – 5.00) 
2)More Suggested 
(3.50 – 4.49) 
3)Suggested 
(2.50 -3.49) 
4)Less 
Suggested 
(1.50 – 
2.49) 
5)Least 
Suggested 
(1.00 – 
1.49) 
Hiring and recruiting suitably 
qualified staff to man strategic 
vacant or new positions  
 
The use of efficient and effective 
meteorological services  
 
Increase in budgetary 
allocation/government subsidy  
 
Developing a climate risk 
management strategy for utility 
operations 
 
Increasing the water treatment 
capacity 
 
 Reduction of leakages  
 
Capacity building for utility staff  
 
Protecting and monitoring 
changes to improve watershed 
 
 Installing flood barrier  
 
Improving city planning  
Updating and improving 
utility's information and 
communication 
technology 
 
Building additional or 
increasing reservoir 
storage capacity  
 
Rationalizing allocation of 
water supplies  
 
The movement of facility 
to higher ground  
 
Improve inter-agency 
coordination  
 
Awareness creation and 
involvement of utility 
customers and 
stakeholders  
 
Restoration of coastal 
wetlands  
 
Drilling more wells to tap 
additional groundwater  
 
Expanding water supply 
service  
Ground water 
aquifer recharge 
 
The building of 
additional surface 
connections 
  
Desalinizing 
seawater  
 
The reduction and 
saving more water 
@ home  
 
The promotion of 
crop mix and 
efficient outdoor 
water use 
 
  
Recycling of 
wastewater 
 
  
Reusing grey water 
 
  
 
- 
 
- 
 
From Table 5.22 above it is apparent that the ISWC experts prefers all possible adaptation 
measures as consensus was built on all suggestions. However, the most preferred or suggested 
adaptation measures were those on hiring and recruiting suitably qualified staff to man strategic 
vacant or new positions , the use of efficient and effective meteorological services, Increase in 
budgetary allocation/government subsidy , developing a climate risk management strategy for 
utility operations, increasing the water treatment capacity, reduction of leakages , capacity 
building for utility staff , protecting and monitoring changes to improve watershed, installing 
flood barrier  and improving city planning etc. The high scores or rating of these adaptation 
measures are indicative of some level of familiarity of what they are and how useful they could 
be in supporting adaption actions in the ISWC. 
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Table  5.23: What appropriate adaptation measures can be suggested @ CRSWB?                                                                                                                                                                                                                                             
1)Most Suggested 
(4.50 – 5.00) 
2)More Suggested 
(3.50 – 4.49) 
3)Suggested 
(2.50 -3.49) 
4)Less 
Suggested 
(1.50 – 
2.49) 
5)Least 
Suggested 
(1.00 – 
1.49) 
Hiring and recruiting suitably qualified 
staff to man strategic vacant or new 
positions 
 
The use of efficient and effective 
meteorological services  
 
Restoration of coastal wetlands 
 
Increase in budgetary 
allocation/government subsidy  
 
Developing a climate risk 
management strategy for utility 
operations  
 
Protecting and monitoring changes to 
improve watershed  
 
Installing flood barrier  
 
Improving city planning  
 
Increasing the water treatment 
capacity  
 
Reduction of leakages  
 
Capacity building for utility staff  
 
The movement of facility to higher 
ground  
Improve inter-
agency coordination 
 
 Updating and 
improving utility's 
information and 
communication 
technology  
 
Building additional 
or increasing 
reservoir storage 
capacity  
 
Rationalizing 
allocation of water 
supplies  
 
Awareness creation 
and involvement of 
utility customers and 
stakeholders  
 
Drilling more wells 
to tap additional 
groundwater  
Desalinizing seawater  
 
Expanding water 
supply service  
 
The reduction and 
saving more water @ 
home  
 
The promotion of 
crop mix and efficient 
outdoor water  
 
Recycling of 
wastewater  
 
The building of 
additional surface 
connections  
 
Ground water aquifer 
recharge  
 
Reusing grey water  
 
- 
 
- 
                                                                                                                                                             
From Table 5.23 above it is apparent that the CRSWB Ltd experts prefer all possible adaptation 
measures as consensus was built on all suggestions. However, the most preferred or suggested 
adaptation measures were those on hiring and recruiting suitably qualified staff to man strategic 
vacant or new positions , the use of efficient and effective meteorological services , restoration of 
coastal wetlands, Increase in budgetary allocation/government subsidy, Developing a climate risk 
management strategy for utility operations , Protecting and monitoring changes to improve 
watershed , Installing flood barrier , Improving city planning , Increasing the water treatment 
capacity, Reduction of leakages , Capacity building for utility staff  and the movement of facility 
to higher ground etc. The high scores or rating of these adaptation measures are indicative of 
some level of familiarity of what they are and how useful they could be in supporting adaptation 
actions in the CRSWB. 
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Table  5.24: What appropriate adaptation measures can be suggested @ RSWB?                                                                                                                                                                                                                                             
Most Suggested 
(4.50 – 5.00) 
More 
Suggested 
(3.50 – 4.49) 
Suggested 
(2.50 -3.49) 
Less 
Suggested 
(1.50 – 
2.49) 
Least 
Suggested 
(1.00 – 
1.49) 
Hiring and recruiting suitably qualified staff 
to man strategic vacant or new positions  
 
The movement of facility to higher ground  
 
The use of efficient and effective 
meteorological services  
 
Restoration of coastal wetlands  
 
Capacity building for utility staff  
 
Developing a climate risk management 
strategy for utility operations  
 
Protecting and monitoring changes to 
improve watershed  
 
Installing flood barrier 
 
Improving city planning  
 
Increasing the water treatment capacity  
 
Reduction of leakages  
 
Improve inter-agency coordination  
 
Increase in budgetary allocation/government 
subsidy  
Updating and 
improving 
utility's 
information 
and 
communication 
technology  
 
Expanding 
water supply 
service  
 
Building 
additional or 
increasing 
reservoir 
storage 
capacity  
 
Rationalizing 
allocation of 
water supplies  
 
Awareness 
creation and 
involvement of 
utility 
customers and 
stakeholders  
Drilling more wells 
to tap additional 
groundwater  
 
The reduction and 
saving more water 
@ home  
 
The promotion of 
crop mix and 
efficient outdoor 
water use  
 
Recycling of 
wastewater  
 
The building of 
additional surface 
connections  
 
Ground water 
aquifer recharge  
 
Reusing grey water  
Desalinizing 
seawater - 
 
- 
 
From Table 5.24, it is appears that the RSWB experts prefer most of all the possible adaptation 
measures as consensus was largely achieved. However, the most preferred or suggested 
adaptation measures were those on hiring and recruiting suitably qualified staff to man strategic 
vacant or new positions , the movement of facility to higher ground , the use of efficient and 
effective meteorological services, restoration of coastal wetlands, capacity building for utility 
staff , developing a climate risk management strategy for utility operations , protecting and 
monitoring changes to improve watershed , installing flood barrier, improving city planning , 
increasing the water treatment capacity , reduction of leakages, improving inter-agency 
coordination , and increase in budgetary allocation/government subsidy etc. 
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Table  5.25: What appropriate adaptation measures can be suggested @ BYSWB?                                                                                                                                                                                                                                             
1)Most Suggested 
(4.50 – 5.00) 
2)More 
Suggested 
(3.50 – 4.49) 
3)Suggested 
(2.50 -3.49) 
4)Less 
Suggested 
(1.50 – 
2.49) 
5)Least 
Suggested 
(1.00 – 
1.49) 
The use of efficient and effective 
meteorological services 
 
Restoration of coastal wetlands  
 
Increase in budgetary 
allocation/government subsidy 
 
Developing a climate risk management 
strategy for utility operations  
 
Protecting and monitoring changes to 
improve watershed  
 
Increasing the water treatment capacity  
 
Hiring and recruiting suitably qualified staff 
to man strategic vacant or new positions  
 
Installing flood barrier  
 
The movement of facility to higher ground  
 
Reduction of leakages  
 
Improve inter-agency coordination  
 
Capacity building for utility staff  
 
Improving city planning  
Updating and 
improving utility's 
information and 
communication 
technology  
 
Expanding water 
supply service  
 
Building additional 
or increasing 
reservoir storage 
capacity  
 
Rationalizing 
allocation of water 
supplies  
 
Awareness 
creation and 
involvement of 
utility customers 
and stakeholders  
Drilling more 
wells to tap 
additional 
groundwater  
 
The reduction and 
saving more water 
@ home  
 
The promotion of 
crop mix and 
efficient outdoor 
water use  
 
Recycling of 
wastewater  
 
The building of 
additional surface 
connections  
 
Ground water 
aquifer recharge  
 
Reusing grey water  
 
Desalinizing 
seawater  
 
- 
 
- 
 
From table 5.25, it is apparent that the BYSWB experts prefer most of all the possible adaptation 
measures as consensus was largely achieved. However, the most preferred or suggested 
adaptation measures were those on the use of efficient and effective meteorological services, the 
restoration of coastal wetlands, increase in budgetary allocation/government subsidy, the 
development of a climate risk management strategy for utility operations, protecting and 
monitoring changes to improve watershed, increasing the water treatment capacity, hiring and 
recruiting suitably qualified staff to man strategic vacant or new positions, the installation of  
flood barriers, the movement of facilities to higher ground, reduction of leakages, improvement 
of  inter-agency coordination , capacity building for utility staff  and the improvement in city 
planning etc. 
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5.4 Test of significance using the Mann – Whitney U test     
The sample mean scores for each of the utilities based on respondent scores are described in 
Annext tables 4.1 and 4.2. The mean scores per each research question is cross tabulated in 
annex table 4.6a-e. It is accordingly deployed to test significance in sub-sections 5.4.1 and 5.4.2.    
5.4.1 Coastal and Non-Coastal Water Utilities in the Niger Delta 
Table  5.26: Summary statistics of sample mean across the utilities 
 ISWC CRWB RSWB BYSWB 
What are the impacts of climate variability/extreme events 
on water utility operations? 
3.42 3.81 3.53 3.53 
How do key water utility staffs understand these impacts? 3.78 2.30 3.81 3.61 
What is the extent of utility vulnerability? 3.74 2.55 3.69 3.75 
What are current utility efforts to address these 
vulnerabilities? 
1.77 2.07 1.69 1.62 
How appropriate are identified approaches? 2.83 2.20 3.48 2.92 
 
Table  5.27:  Sample mean adapted from research questions for coastal and non-coastal 
utilities       
Variable Coastal Non-
coastal 
What are the impacts of climate variability/extreme events on water 
utility operations? 
3.62 3.42 
How do key water utility staffs understand these impacts? 3.24 3.78 
What is the extent of utility vulnerability? 3.33 3.74 
What are current utility efforts to address these vulnerabilities? 1.79 1.77 
How appropriate are identified approaches? 2.86 2.83 
                                                                                                                                                                                                            
Table  5.28:   Sample mean of utilities based on coastal and non-coastal Utilities       
A) Coastal Utilities (CRSWB, RSWB and BYSWB) 3.62 3.24 3.33 1.79 2.86 
B) Non-Coastal Utilities (ISWC) 3.42 3.78 3.74 1.77 2.83 
                              
List A List B 
3.62 
3.24 
3.33 
1.79 
2.86 
3.42 
3.78 
3.74 
1.77 
2.83 
NA =5 NB =5 
                              
NANB = 5 x 5 = 25    ----------------------------------------------------.(1) 
Taking the number of scores in list A, and adding the value of 1 
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5 + 1 = 6 ------------------------------------------------------------------.(2) 
Multiplying the value found in (2) above by the number of scores in list A, and dividing the answer by 2 
6 x 5 ÷ 2 = 15 ----------------------------------------------------------.(3) 
Ranking all the numbers in both groups, taking both sets of numbers together, and giving the smallest score rank 
1. Writing out the ranks out in two more columns, headed RA and RB, and putting each to the immediate right of 
the original lists of scores A and B 
List A       RA List B          RB 
3.62          8 
3.24          5 
3.33          6 
1.79          2 
2.86          4 
 
3.42               7 
3.78               10 
3.74               9 
1.77               1 
2.83               3 
                                   
Adding ranks which were given to items on list A (i.e. RA) 
8+5+6+2+4 =25------------------------------------------------------.(4) 
Adding (1) + (3) and subtracting (4) 
25 + 15 – 25 = 15 ---------------------------------------------------.(5) 
Subtracting the value (5) from value (1) 
25 -15 = 10 ----------------------------------------------------------.(6) 
The values of (5) and (6) give two values for the statistics U and U’ (Pronounced ‘U prime). The smaller value 
will be U, and the larger value U’ 
U = 10 and U’ = 15 ------------------------------------------------.(7) 
Using the two values of NA and NB found in Table 1 above, in conjunction with Table S4 (Annex 
table 5.1) to determine whether the obtained value of U is significant. If U is equal to or smaller 
than the critical values listed, then the Null Hypothesis can be rejected. Two significance levels 
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are given in the table, for the 0.05 and 0.01 probabilities (two tailed), and the 0.025 and 0.005 
probabilities (one - tailed test). Looking in the table at the point where NA =5 and NB =5 
intersect, we read off the two critical values of 0 and 2. My values of U (10) and U’ (15) exceeds 
both numbers, and so we cannot reject the Null Hypothesis. 
Conclusion:                                                                                                                                               
The results of the analysis were non-significant (U = 11, NA =NB =5; Mann – Whitney U test), 
and so the Null Hypothesis cannot be rejected. It is concluded that the average severity of 
impacts of extreme events on utilities on the coasts do not differ from those for utilities on the 
hinterland (non-coast).  
5.4.2 Ground Water (GW) dependent and Surface Water (SW) dependent 
Utilities 
Table  5.29:  Sample mean adapted from research questions based on GW and SW 
Research Questions  Ground 
Water 
Surface 
Water 
1) What are the impacts of climate variability/extreme events on water utility 
operations? 
3.53 3.61 
2) How do key water utility staffs understand these impacts? 3.71 3.04 
3) What is the extent of utility vulnerability? 3.72 3.64 
4) What are current utility efforts to address these vulnerabilities? 1.65 1.92 
5) How appropriate are identified approaches? 3.20 2.51 
  
Table  5.30:  Sample mean of utilities based on GW and SW                          
A) Ground Water  utilities (RSWB and BYSWB) 3.53 3.71 3.72 1.65 3.20 
B) Surface Water utilities (ISWC and CRSWB) 3.61 3.04 3.64 1.92 2.51 
                              
List A List B 
3.53 
3.71 
3.72 
1.65 
3.20 
3.61 
3.04 
3.64 
1.92 
2.51 
NA =5 NB =5 
                           
NANB = 5 x 5 = 25    ----------------------------------------------------.(1) 
Taking the number of scores in list A, and adding the value of 1 
5 + 1 = 6 ------------------------------------------------------------------.(2) 
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Multiplying the value found in (2) above by the number of scores in list A, and dividing the answer by 2 
6 x 5 ÷ 2 = 15 ----------------------------------------------------------.(3) 
Ranking all the numbers in both groups, taking both sets of numbers together, and giving the smallest score rank 
1. Writing out the ranks out in two more columns, headed RA and RB, and putting each to the immediate right of 
the original lists of scores A and B 
List A       RA List B          RB 
3.53          6 
3.71          9 
3.72          10 
1.65          1 
3.20          5 
 
3.61               7 
3.04               4 
3.64               8 
1.92               2 
2.51               3 
                                   
Adding ranks which were given to items on list A (i.e. RA) 
6+9+10+1+5=31------------------------------------------------------.(4) 
Adding (1) + (3) and subtracting (4) 
25 + 15 – 31 = 9 ---------------------------------------------------.(5) 
Subtracting the value (5) from value (1) 
25 -9 = 16 ----------------------------------------------------------.(6) 
The values of (5) and (6) give two values for the statistics U and U’ (Pronounced ‘U prime). The smaller value 
will be U and the larger value U’ 
U = 9 and U’ = 16 ------------------------------------------------.(7) 
Using the two values of NA and NB found in Table 1 above, in conjunction with Table S4 (Annex 
table 5.1) to determine whether the obtained value of U is significant. If U is equal to or smaller 
than the critical values listed, then the Null Hypothesis can be rejected. Two significance levels 
are given in the table, for the 0.05 and 0.01 probabilities (two tailed), and the 0.025 and 0.005 
probabilities (one - tailed test). Looking in the table at the point where NA =5 and NB =5 
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intersect, we read off the two critical values of 0 and 2. My values of U (10) and U’ (15) exceeds 
both numbers, and so we cannot reject the Null Hypothesis. 
Conclusion:                                                                                                                                               
The results of the analysis were non-significant (U = 11, NA =NB =5; Mann – Whitney U test), 
and so the Null Hypothesis cannot be rejected. It is concluded that the average severity of  
impacts of extreme events on utilities using ground water sources and those using surface water 
sources do not differ significantly.  
5.5 Analysis of Interview Responses                                                                                                              
The interview schedule used in the interviews as discussed in section 4.6  was broken up into 2 
parts and consequently the analysis adhered to that pattern. Generally ‘close –ended’ with a ‘Yes’ 
and ‘No’ response categories. However, those answering in the affirmative or the ‘Yes’ category 
had a chance for a follow –up question in 10 of the questions which were otherwise ‘Open –
ended’. 
The questions posed during the interviews basically sought to build up requisite answers that 
could fill up gaps in the following questions: 
19. How do key water utility staffs understand these impacts?                                                                      
20. What is the extent of utility vulnerability?                                                                                             
21. What are current utility efforts to address these vulnerabilities?                                                            
22. What appropriate adaptation measures can be suggested? 
 A closer analysis of these questions would reveal that it leaves the ball at the court of the utility 
staffs. Hence to tap deeper into the web of intricacies in the utilities, the interview schedule 
unlike the questionnaire holistically dwells on basic issues and concepts in both organisation 
theory and organisational behaviour. According to Rainey (2009) organisational behaviour 
typically concentrate on individual and group behaviours in organisations, analysing motivation, 
work satisfaction, leadership, work-group dynamics, and the attitudes and behaviours of the 
members of the organisation, while organisation theory, on the other hand, is based more in 
sociology. It focuses on topics that concern the organisation as a whole, such as organisational 
environments, goals and effectiveness, strategy and decision making, change and innovation, and 
structure and design (Rainey, 2009). The design and construction of the interview schedule 
afforded the study the chance to collect vital information on some of these aspects especially 
those relating to organisational culture, procedure and technology which are vital in managing 
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organisational risks (Holton, 1996). Unlike the questionnaires that had questions designed 
specific to each of the research questions, the interview schedule was basically crosscutting as 
each of its questions had relevance in more than one research question. The interview schedule is 
shown on table 5.31 while the focus of the interview questions is listed in table 5.32. Also, table 
5.33 shows a cross tabulation of the interview scores.                                                                                                                                                           
Table  5.31: A sample of the interview schedule 
Interview Guide 
Introduction:                                                                                                                                                                                                             
This study aims to assess the vulnerability of urban water supply utilities located in the Niger delta to the impacts of climate variability and 
associated extreme events, and develop adaptation strategies vital at increasing resilience. The philosophical underpinning of this research is to 
unravel the potential impacts of climate change on urban water supplies.  
 
Name of Interviewee Date Time Reference Code Recorded 
 
 
 
   Yes/No 
 
1. What are your thoughts on the relevance of reward system or incentive to risk management?   
 
2. What are your thoughts on the relevance of training or capacity building opportunities for staff in the context of risk management? 
 
3. Does the utility provide opportunities for staffs to access relevant journal subscriptions to update their knowledge on climate risks?  
YES/NO 
4. Does the utility encourage networking or  lateral communication amongst its work force? YES/NO  
If yes, (Please state reason): 
 
5. Does the utility de-emphasise on managers making final approvals before every necessary action even in emergency situations are 
undertaken? YES/NO 
 
6. Do staffs have flexible or changing work schedules/assignments? YES/NO 
If yes, (Please state reason): 
 
7. Are you changing your strategy for the implementation of drinking water supplies based on your awareness of climate issues? 
YES/NO 
8. Does the utility have a risk management framework for climate change or extreme events? YES/NO 
9. Does the utility have a strategic plan on water demand? YES/NO 
If yes, (Please state reason): 
 
10. Utility plans and proposals on risk management are rarely dominated by technology? YES/NO 
If yes, (Please state reason): 
11. Utility attitude to managing risk is never reactive? YES/NO 
12. Utility staffs such as operators are usually allowed to network on certain occasions? YES/NO 
If yes, (Please state reason): 
13. The resort to use of chemicals and reagents is never a first option in managing risk? YES/NO 
If yes, (Please state reason): 
14. Stakeholder analysis especially in the watershed is always an important component of utility risk management? YES/NO 
If yes, (Please state reason): 
 
15. Does the utility have a central unit with specialised sub-units working on various types of risks? YES/NO 
If yes, (Please state reason): 
16. Does the utility encourage research as part of its risk management portfolio? YES/NO 
17. Does the utility have a working relationship with the local university in the area of relevant research? YES/NO 
18. The utility has an atmosphere that promotes free flow of information? YES/NO 
 
19. The awareness of utility staff on climate and environmental issues is good? YES/NO 
If yes, (Please state reason): 
 
20. Utility annual budgets make allocations for risk management? Yes/No 
21. Do you think that a climate risk management policy is very important for the utility? YES/NO  
If yes, (Please state reason): 
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Table  5.32: Questions and their focus 
Q1 Staff motivation Q12 Adaptive ‘Organic’ 
Q2 Staff motivation and skills, Proactive Q13 Flexibility, skill 
Q3 Staff knowledge and skills development Q14 Strategy 
Q4 Adaptive , flexible ‘organic’, and decentralized 
systems 
Q15 Quick decision making 
Q5 Flexibility Q16 Adaptive, Strategy 
Q6 Flexibility, Empowerment, Participation Q17 Adaptive, Strategy,     
inter-dependencies 
Q7 Adaptive, close or open systems Q18 Adaptive 
Q8 Procedure Q19 Staff, skills 
Q9 Adaptive and responsive Q20 Awareness, skill 
Q10 Close or open system, finance Q21 Procedure, Finance, Proactive 
Q11 Skill and strategy   
Q: Question number 
 
Table  5.33: Cross – tabulation of the close-ended Interview scores 
 Interview Schedule Number (Q) 
Utility 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Score 
A 0 2 0 0 5 0 6 5 5 4 5 0 0 0 0 4 6 0 10 52 
B 0 4 2 6 7 0 9 5 6 5 2 1 0 3 0 10 7 5 10 82 
C 0 1 0 1 0 0 5 10 0 3 10 4 0 0 0 0 0 0 10 44 
D 0 0 0 0 0 0 10 3 0 4 4 1 0 0 0 6 5 0 10 43 
Utility A: ISWC, B: CRSWB, C: RSWB and D: BYSWB 
Table 5.33 lists only the close-ended questions of ‘‘Yes’’ or ‘‘No’’. A look at the interview 
schedule in table 5.31 shows that these questions started from number 3 -21 hence a total of 19 
questions in the close-ended category, while the open-ended category questions are only 
questions 1 - 2. 
5.5.1 The Imo State Water Corporation (ISWC) –Utility A                                                                              
A total of 10 staffs of ISWC were interviewed. These 10 interviewees recorded a total score of 
52 marks out of 190 marks available. Note that 10 persons answering 19 questions gives a total 
of 190 questions, hence a ‘‘Yes’’ answer carries ‘‘1’’ mark, while a ‘‘No’’ answer gives a ‘‘0’’ mark. 
When converted to percentage ranking based on total ‘‘1’’ mark scores per question for each of 
the interviewees in ISWC , a total percentage score of 27.4% was obtained. (Annex table 4.5a 
describes this in details). A breakdown of the responses made by the 10 interviewees to both the 
open –ended and the close – ended questions as analysed is as follows; 
1. Respondents agreed on the relevance of a reward system, explaining that it rewards 
excellence, motivates staff and could enhance innovation needed to tackle all kinds of 
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risks. However, they lamented that such a system is currently not in place in the utility. 
2. On the relevance of training opportunities, respondents were unanimous in agreeing that 
it would support and enable them to build their capacity and possibly work more 
efficiently. 
3. Based on the question: Does the utility provide opportunities for staffs to access relevant journal 
subscriptions on climate risks?  Utility staffs were unanimous in their response that the utility 
does not support them with access to relevant journals vital at assisting them update their 
knowledge. All respondents answered ‘No’. 
4. When the question: Does the utility encourage networking or lateral communication amongst its work 
force?  was asked, most respondents replied that no encouragement exists in the utility for 
networking and lateral communication amongst staff. However, only 2 staffs answered in 
the affirmative and explained the benefits as affording them the opportunity to promote 
a spirit of camaraderie and team work. 
5. The utility maintains a rigid bureaucracy with entrenched hierarchy which emphasises 
superior staffs or managers making final approvals before every necessary action even in 
emergency situations are undertaken. All respondents (100%) answered in the negative to 
the question: Does the utility de-emphasise on managers making final approvals before every necessary 
action even in emergency situations are undertaken? 
6. On the question: Do staffs have flexible and changing work schedules/assignments?   The 
respondents also had a unanimous negative response hence underscoring rigidity of tasks 
and roles in the utility. 
7. On the question: Are you changing your strategy for the implementation of drinking water supplies 
based on your awareness of climate issues?;  50% of the staffs interviewed answered in the 
affirmative while the other 50% answered in the negative. 
8. The respondents were unanimous in responding with a ‘No’ to the question: Does the 
utility have a risk management framework for climate change or extreme events? The implication here 
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is that such a document does not exist and that there is no procedure for doing risk 
management. 
9. 60% of the respondents agreed that the utility has a strategic plan for water demand 
management. Reasons adduced here consists of its ability to assist the utility reduce water 
wastage, optimise supplies, promote efficiency and possibly making profit. 
10. To find out the place of technology in risk management in the utility, 50% of the 
respondents were of the view that technology never dominates the utility’s adaptation 
planning, explaining that limited finance and funding makes this difficult. 
11. 50% of respondents were of the view that the utility’s attitude to managing risk is never 
reactive. The other 50% disagreed. The question was: Utility attitude to managing risk is 
always reactive?; the implication of such an even score response is possibly indicative of 
lack of clarity and involvement or participation of all staffs on proactive processes meant 
to mitigate risks in the utility. 
12. On the question: Utility staffs such as operators are usually allowed to network on certain occasions? ; 
…. 40% of the respondents answered in the affirmative arguing that it supports them to 
learn on the job, become accountable for their actions, become independent minded and 
to develop quick decision making skills. However, a majority of the respondents 
disagreed, insisting that operators are not allowed to network on certain occasions. 
13. On the question: The resort to use of chemicals and reagents is never a first option in managing risk? , 
… the 50% of the respondents answered ‘Yes’, explaining that water chemicals when 
abused could be injuries to health and that most of these chemicals are very costly, 
requires foreign exchange to import and often prone to corruption and fraud i.e. the 
procurement process. 
14. A zero score was recorded for the question: Stakeholder analysis especially in the watershed is 
always an important component of utility risk management? , as all the 10 respondents were in 
agreement that this is not the practice in the utility. 
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15. All respondents to the question: Does the utility have a central unit with specialised sub-
units working on various types of risks? , answered a unanimous ‘No’. 
16. Also, all respondents to the question:  Does the utility encourage research as part of its 
risk management portfolio? , answered ‘No’ 
17. The utility has no working relationship with the local university. All respondents were in 
unanimity as a 0% score was recorded. 
18. Only 40 per cent of respondents agreed that the utility has an atmosphere that promotes 
free flow of information. The other 60 per cent were of a contrary opinion. 
19. A majority 60% of respondents agreed that the awareness of utility staff is high and ok 
on climate and environmental issues, arguing that it helps them to identify and mitigate 
common problems arising in their watershed. 
20. Utility staffs interviewed were unanimous (100%) in underscoring that the utility’s annual 
budgets do not make allocation for risk management. 
21. An overwhelming 100 per cent of the respondents agreed that a climate risk management 
policy is very important for the utility. Emerging conclusions on their response are as 
follows: 
A1: ‘‘Climatic risk management is very important in the operation and distribution of water’’. 
A3: ‘‘There is need to regularly monitor activities within the watershed and the river and study the increase or 
decrease of water levels because they constitute a risk’’ 
A5: ‘‘Adverse climatic change can lead to the shutting down of the water operational system so, we need a policy on 
risk management’’ 
A6: ‘‘There is risk everywhere, for example, water supply facilities could easily become submerged by flood, also 
water availability could be affected by flood’’ 
A10: ‘‘To enable the water corporation respond appropriately to threats posed by climatic changes we need to 
handle it as a risk’’ 
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5.5.2 The Cross River State Water Board Ltd (CRSWBL) –Utility B                                                                              
A total of 10 respondents in CRSWB Ltd scored a total of 82 points out of a total of 190 from 
19 questions posed to each of them, and this translates into a total score of 43.2% (see annex 
table 4.5c). A breakdown of the responses to both the close – ended and open-ended questions 
are as follows; 
1. Utility staffs believe in the relevance of the reward system for staffs in managing risk. 
They said it would serve as a source of encouragement to do well and enhance job 
performance. They however regretted that it merely exists in the books of the 
organisation as its implementation has not really worked as it is fraught with accusations 
of favouritism and abuse. 
2. Respondents also agreed that the importance of appropriate skill training in risk 
management will expose them to current issues involved and assist them to perform their 
jobs effectively. 
3. Based on the question: Does the utility provide opportunities for staffs to access relevant 
journal subscriptions to update their knowledge on climate risks?  Utility staffs were 
unanimous in their response that the utility does not support them with access to any 
relevant journals vital at assisting them update their knowledge. All respondents 
answered ‘No’. 
4. When the question: Does the utility encourage networking and lateral communication amongst its 
work force? , was asked, most respondents replied that no encouragement exists in the 
utility for networking and lateral communication amongst staff. However, 4 staffs 
answered in the affirmative, explaining that it supports them to build team work, 
facilitate on-the-job training and learning etc. 
5. A majority of respondents (80%) revealed that CRSWBL maintains a rigid bureaucracy 
with entrenched hierarchy which emphasises superior staff’s or managers making final 
approvals before every necessary action even in emergency situations are undertaken. 
Only 20% of respondents answered in the affirmative to the question: Does the utility de-
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emphasise on superior staff’s or managers making final approvals before every necessary action even in 
emergency situations are undertaken? 
6. A majority of 60% of respondents affirmed to the question: Do staffs have flexible and 
changing work schedules/assignments?   They explained that it enables them to have or acquire 
multiple work skills etc. 
7. On the question: Are you changing your strategy for the implementation of drinking 
water supplies based on your awareness of climate issues?;  70% of the respondents  
answered in the affirmative while the other 30% answered in the negative. 
8. The respondents were unanimous in responding with a ‘No’ to the question: Does the 
utility have a risk management framework for climate change or extreme events? The implication here 
is that the document does not exist and that practices are possibly carried out on ad hoc 
basis. 
9. A majority 90% of the respondents affirmed that the utility has a strategic plan for water 
demand management. When prodded for explanation they clarified that it assists them 
achieve some level of efficiency etc. 
10. Based on the question: Utility plans and proposals on risk management are never dominated by 
technology? , 50% of the respondents were of the view that technology never dominates 
the utility’s adaptation planning, explaining that the utility cannot afford the cost of such 
technological infrastructure. 
11. A majority 60% of respondents were of the view that the utility’s attitude to managing 
risk is never reactive. The other 40% disagreed. The question was: Utility attitude to 
managing risk is always reactive? 
12. On the question: Utility staffs such as operators are usually allowed to network on certain occasions? ; 
…. 50% of the respondents answered in the affirmative arguing that it supports those 
staffs to be fully accountable for the jobs they do. 
13. A majority 80% answered ‘No’ to the question: The resort to use of chemicals and reagents is 
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never a first option in managing risk? , … the other 20% answered ‘Yes’, believing that it 
quenches many quality concerns in drinking water. 
14. A majority 90% answered with a ‘No’ to the question: Stakeholder analysis especially in 
the watershed is always an important component of utility risk management?   
15. All respondents to the question: Does the utility have a central unit with specialised sub-units 
working on various types of risks? , answered a unanimous ‘No’. The implication is indicative 
of the absence of an organisation-wide or enterprise risk management. 
16. A majority 70% of respondents to the question: Does the utility encourage research as 
part of its risk management portfolio? , answered ‘No’ 
17. The utility has no working relationship with the local university. All respondents were in 
unanimity as a 100% score was recorded for a ‘No’. 
18. A notable 100% of respondents agreed that the utility has an atmosphere that promotes 
free flow of information.  
19. A majority 70% of respondents agreed that the awareness of utility staff is high and ok 
on climate and environmental issues, arguing that this level of awareness helps utility’s 
work programmes. 
20. An even number of respondents disputed the annual budget of the utility making 
allocations for risk management. 50% insisted it does while the other 50% insisted 
otherwise. However, when a copy of the penultimate and current year’s budget were 
scrutinised no such allocations existed, but this did not convince those who insisted on 
the affirmative as they argued that it exists under various sub-heads. 
21. An overwhelming 100 per cent of the respondents agreed that a climate risk management 
policy is very important for the utility. Emerging conclusions on their response are as 
follows: 
B2: ‘‘When the risk management policy is in place it shall serve as a guide’’ 
B4: ‘‘A risk management policy will help to regulate groundwater flow and its quality’’ 
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B5: ‘‘Adverse climatic changes would affect the aeration system and other exposed treatment system and this would 
affect the water quality and otherwise’’ 
B7: ‘‘The policy is very important for the utility in order to improve the water quality’’ 
5.5.3 The Rivers State Water Board (RSWB) –Utility C                                                                              
A total of 10 respondents interviewed had a score of 44 points out of 190 in 19 questions per 
respondent, which translates to a score of 23.2% (see annex Table 4.5e). A breakdown of the 
responses made by the 10 interviewees to both the open –ended and the close – ended questions 
as analysed is as follows; 
1. All the 10 respondents or 100% of respondents explained that the reward system or 
incentive could help the utility manage risks much more robustly because of its capacity 
to motivate staffs. But they complained that it is in absence in RSWB.  
 
2. Also, all the respondents are of the perception that training and capacity building 
opportunities would assist them build and develop their capacity to manage risk. 
 
3. Respondents were unanimous in answering ‘No’ to the question: Does the utility provide 
opportunities for staffs to access relevant journal subscriptions to update their 
knowledge on climate risks?, explaining that no such opportunity exists in the utility.  
 
4. On the question: Does the utility encourage networking and lateral communication amongst its work 
force? Nearly all (90%) of respondents answered ‘No’; insisting that no such 
encouragement obtains in the utility.  
 
5. The utility maintains a rigid bureaucracy with entrenched hierarchy which emphasises 
superior staff’s or managers making final approvals before every necessary action even in 
emergency situations are undertaken. As was the case in ISWC, all respondents (100%) 
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here answered in the negative to the question: Does the utility de-emphasise on superior 
staff’s or managers making final approvals before every necessary action even in 
emergency situations are undertaken? 
 
6. On the question: Do staffs have flexible and changing work schedules/assignments?   A majority 
90% of respondents answered ‘NO’. This is indicative of staffs doing the same routine 
work over and over all the time without opportunities to try out something new. 
 
7. On the question: Are you changing your strategy for the implementation of drinking 
water supplies based on your awareness of climate issues?;  100% of the respondents 
replied with a ‘NO’.  
 
8. Yet again, the respondents were unanimous (100%) in responding with a ‘No’ to the 
question: Does the utility have a risk management framework for climate change or extreme events?; 
The implication here is that such a document does not exist and that there is no 
procedure for doing risk management. 
 
9. 50% of the respondents agreed that the utility has a strategic plan for water demand management. 
They explained that it enables the utility promote and achieve efficiency. However, the 
other 50% disagreed. The stalemate here is possibly indicative that utility staffs do not 
understand or out of current with the status of affairs in outside their work area. 
 
10. An impressive 100% of respondents affirmed that the utility plans and proposals on risk 
management are never dominated by technology, explaining that the cost of adopting 
various technologies could be prohibitive. 
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11. A unanimous majority 100% respondent were of the view that the utility’s attitude to 
managing risk is never reactive. The question was: Utility attitude to managing risk is always 
reactive?  
 
12. On the question: Utility staffs such as operators are usually allowed to network on certain occasions? ; 
…. 70% of the respondents answered in the negative. This majority ‘NO’ seriously 
discredits the views of the remaining 30% who answered in the affirmative. This later 
group had explained that such privilege enables those categories of staffs to work more 
efficiently. 
 
13. On the question: The resort to use of chemicals and reagents is never a first option in managing risk? , 
… 100% of respondents answered ‘Yes’, explaining that the local practice in the utility 
was to assess and identify the problem first within the watershed and that the use of 
chemicals and reagents are usually a tertiary input in the water treatment process. 
 
14. 60% of respondents replied ‘NO’ to the question: Stakeholder analysis especially in the 
watershed is always an important component of utility risk management?  However, the other 40% 
answered ‘YES’, explaining that it is often used in solving or mitigating problems. 
 
15. All 100% respondents to the question: Does the utility have a central unit with 
specialised sub-units working on various types of risks? , answered a unanimous ‘No’. 
 
16. Also, all 100% respondents to the question: Does the utility encourage research as part 
of its risk management portfolio? , answered ‘No’ 
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17. Again, all 100% respondents answered ‘NO’ to the question: Does the utility have a 
working relationship with the local university in the area of relevant research? There was 
no dissenting opinion. 
 
18. To the question: The utility has an atmosphere that promotes transparency and free flow 
of information? A total 100% of respondents responded with a ‘YES’. 
 
19. All 100% of respondents responded with a ‘NO’ on the question that sought to know 
the level of knowledge and awareness of utility staff on climate and environmental issues.  
 
20. Utility staffs interviewed were unanimous (100%) in underscoring that the utility’s annual 
budgets do not make allocation for risk management. 
 
21. An overwhelming 100 per cent of the respondents agreed that a climate risk management 
policy is very important for the utility. Emerging conclusions on their response are as 
follows: 
C3: ‘‘It will assist the utility to monitor future depletion of water in available aquifer’’ 
C4: ‘‘It is the most essential step towards addressing climatic risks fallouts’’ 
C8: ‘‘It will enable the utility to ascertain the possibility of drought, flood and tidal change occurring which might 
affect the quality of water source’’ 
C9: ‘‘It would be very useful for long term planning especially in the location  of abstraction points, location of 
pumping stations , water treatment plants and the type of treatment plant to be used etc.’’ 
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5.5.4 The Bayelsa State Water Board (BYSWB) –Utility D                                                                              
The analysis of interview responses of 10 staffs or respondents of BYSWB showed that out of 
the 19 questions asked, that all the 10 staffs had a total score of 43 out of 190 or 22.63% (see 
annex Table 4.5g). A breakdown of the responses to both the close – ended and open-ended 
questions are as follows; 
23. All respondents were of unanimous agreement that the reward system or incentive 
(which does not exist anyway in the utility) could be made to work in order to reward 
excellence and motivate staff. 
 
24. Respondents were also in unanimous agreement that regular staff training and capacity 
building opportunities would help to build staff capacity in all areas of operations 
including risk management. 
 
25. Based on the question: Does the utility provide opportunities for staffs to access relevant 
journal subscriptions to update their knowledge on climate risks?  Utility staffs were 
unanimous in their response that the utility does not support them with access to any 
relevant journals vital at assisting them update their knowledge. All respondents (100%) 
answered ‘No’. 
 
26. When the question: Does the utility encourage networking and lateral communication amongst its 
work force? , was asked, 100% respondents replied that no encouragement exists in the 
utility for networking and lateral communication amongst staff.  
 
27. All respondents (100%) revealed that BYSWB maintains a rigid bureaucracy with 
entrenched hierarchy which emphasises superior staff’s or managers making final 
approvals before every necessary action even in emergency situations are undertaken.  
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28. All 100% of respondents responded ‘NO’ to the question: Do staffs have flexible and 
changing work schedules/assignments?    
 
29. On the question: Are you changing your strategy for the implementation of drinking 
water supplies based on your awareness of climate issues?;  100% of the respondents  
answered in the negative. 
 
30. Yet again, the respondents were unanimous (100%) in responding with a ‘No’ to the 
question: Does the utility have a risk management framework for climate change or extreme events? 
The implication here is that the document does not exist and that practices are possibly 
carried out on ad hoc basis. 
 
31. All respondents (100%) affirmed positively that the utility has a strategic plan for water 
demand management. And explained that it assists the utility to ration water. 
 
32. Based on the question: Utility plans and proposals on risk management are never dominated by 
technology? , 30% of the respondents responded ‘YES’ while the other 70% responded 
‘NO’.  
 
33. An overwhelming 100% of respondents ‘NO’ to the question : Utility attitude to managing 
risk is never reactive? 
 
34. A majority 60% answered ‘NO’ to the question: Utility staffs such as operators are usually 
allowed to network on certain occasions?  However,  40% of the respondents answered in the 
affirmative arguing that it supports those staffs to be fully accountable for the jobs they 
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do. 
 
35. 60% of respondents answered ‘No’ to the question: The resort to use of chemicals and 
reagents is never a first option in managing risk?  40% answered ‘Yes’. 
 
36. A majority 90% answered with a ‘No’ to the question: Stakeholder analysis especially in 
the watershed is always an important component of utility risk management?   
 
37. All respondents (100%) to the question: Does the utility have a central unit with specialised sub-
units working on various types of risks?  Answered a unanimous ‘No’. The implication is 
indicative of the absence of an organisation-wide or enterprise risk management. 
 
38. All respondents (100%) to the question: Does the utility encourage research as part of its 
risk management portfolio? , answered ‘No’ 
 
39. The utility has no working relationship with the local university. All respondents were in 
unanimity as a 100% score was recorded for a ‘No’. 
 
40. A majority 60% of respondents answered ‘YES’ , agreeing that the utility has an 
atmosphere that promotes transparency and free flow of information.  
 
41. An even-split number of 50% apiece of respondents agreed and disagreed that the 
awareness of utility staff is high and ok on climate and environmental issues. For those 
saying ‘YES’, the implication for the utility they explained was the leverage it affords the 
utility to introduce and adopt new ideas much faster and quicker. 
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42. 100% unanimity was recorded against the annual budget of the utility making allocations 
for risk management. The conclusion was that budgets do not provide for risk 
management. 
 
43. An overwhelming 100 per cent of the respondents agreed that a climate risk management 
policy is very important for the utility. Emerging conclusions on their response are as 
follows: 
D1:‘‘It will aid objective study and planning for any contingency as well as supporting follow up studies‘’ 
D5:‘‘ It will provide a framework for decision making on investments involving the safety of people and assets in 
urban and rural areas (ii) Such policy will be seen as having potential for the investigation and management of 
anticipated risks’’. 
D6:‘‘(i) To enable planning for the unknown, and (ii) To support us remain on the safe side’’. 
D7:‘‘It will provide a check balance where there is climate change’’.          
Table 5.34 gives a summary of the findings across the water utilities. 
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Table 5.34: Comparative Summary of findings across the water utilities 
 
U 
 
Key findings 
Delphi  
(RQ1 and RQ6) 
Questionnaire 
(RQ1, 2, 3, 4, 5 and 6). 
Interview 
(RQ3 and RQ4) 
A Flooding, Increasing operation 
and maintenance costs, and 
decreasing surface water quality 
ranked topmost. The 2 most 
appropriate adaptation methods 
suggested were (1) the hiring and 
recruitment of suitably qualified 
staff to man strategic vacant 
/new positions, and (2) the use 
of efficient and effective 
meteorological services.. 
The utility is reasonably exposed to various impacts from extreme 
events especially erosion and flooding. The effect of these impacts 
includes shutting down of ISWC operations for hours to days. The 
basic understanding of these impacts has come primarily through 
physical observations. The absence of scheduled staff trainings to 
build capacity, degraded watersheds, limited revenue , inept 
leadership, ageing infrastructure, lack of coordination amongst 
government agencies prevail in the utility and largely underscores its 
vulnerability. There are utility efforts to reduce NRW and 
rationalization of supply allocation. The appropriateness of 
approaches adopted or already in place are moderately. Further 
details see Annex Table 5.2a 
Utility does not encourage networking and lateral 
communication amongst staffs, Staffs have no flexible work 
schedules, has a rigid bureaucracy, no central unit for 
managing risk, no working relationship with local university, 
annual budget makes no provision for risk management. On 
the other hand staff awareness on climate change is high, 
resort to use of chemicals never a first option in risk 
management, use of technology never dominates risk 
management, strategic plan for water demand exists, 
drinking water supplies underpinned by climate awareness 
etc. 
B Flooding, Increasing operation 
and maintenance costs, and 
decreasing surface water quality 
ranked topmost. The 2 most 
appropriate adaptation methods 
suggested were (1) the hiring and 
recruitment of suitably qualified 
staff to man strategic vacant 
/new positions, and (2) the use 
of efficient and effective 
meteorological services. 
The utility is currently having difficulties with saltwater intrusion and 
decreasing surface water quality. The general understanding of these 
impacts come primarily through a combination of physical 
observations and informed awareness. The absence of scheduled staff 
trainings to build capacity, degraded watersheds and absence of a 
clear policy guideline on climate risks and uncertainties constitutes 
vulnerability. There exist utility efforts to reduce NRW, inter-agency 
networking and water conservation promotion etc. Approaches 
identified in ‘‘d’’ above are appropriate as they are relatively 
affordable and offer the utility opportunity to increase its revenue 
while achieving supply efficiency. Further details see Annex Table 
5.2b 
Utility does not encourage networking and lateral 
communication amongst staffs, maintains a rigid 
bureaucracy, has no central unit for managing risks, has no 
working relationship with local universities. On the other 
hand, the utility has flexible work schedule for staffs, 
drinking water supplies underpinned by climate 
understanding, has a strategic plan for water demand, risk 
management proposals never dominated by technology, use 
of chemicals never a first option in risk management, 
understanding of climate issues high, annual budget includes 
risk management etc. 
C Flooding, Increasing operation 
and maintenance costs, and 
decreasing surface water quality 
ranked topmost. The 2 most 
appropriate adaptation methods 
suggested were (1) the hiring and 
recruitment of suitably qualified 
staff to man strategic vacant 
/new positions, and (2) the 
movement of facilities to higher 
grounds. 
Increasing rainfall intensity and changes in watershed vegetation had 
the highest impact here. The understanding of these impacts has 
come through a combination of physical observations and use of 
appropriate tools. The reliance on a single source for raw water 
abstraction (ground water) and degraded watersheds largely 
underscores vulnerability. Utility efforts to manage vulnerabilities 
include improving watershed, increase reservoir storage and the 
rationalization of supply allocation etc. Approaches identified in ‘‘d’’ 
above are appropriate as they offer the utility opportunity to increase 
its revenue while achieving supply efficiency. Further details see 
Annex Table 5.2c 
The utility does not encourage networking and lateral 
communication amongst its staffs, maintains a rigid 
bureaucracy, staffs have no flexible work schedules, 
strategies for water supplies done ignorant of climate issues, 
has no central unit working on risks, no working 
relationship with local universities, level of staff knowledge 
on climate change low, annual budget makes no provision 
for risk management. On the other hand the resort to use of 
more chemicals is never a first option in risk management, 
utility has a strategic plan for water demand, utility plans on 
risk management are never dominated by technology etc. 
D Flooding, Increasing operation 
and maintenance costs, and 
decreasing surface water quality 
ranked topmost. The 2 most 
appropriate adaptation methods 
suggested were (1) the use of 
efficient and effective 
meteorological services, and (2) 
the restoration of coastal 
wetlands. 
Flooding and saltwater intrusion had the highest impacts. The 
understanding of these impacts has come through a combination of 
physical observations and use of appropriate tools. Degraded 
watersheds, limited revenue and ageing infrastructure underscore its 
vulnerability. There is the rationalization of supply allocation etc. 
Approaches identified in ‘‘d’’ above is appropriate as it conserves 
water. Further details see Annex Table 5.2d 
Utility does not encourage networking and lateral 
communication amongst staffs, maintains a rigid 
bureaucracy, staffs have no flexible work schedules, drinking 
water supplies not underpinned by knowledge of climate 
issues, has no central unit for risk management, no working 
relationship with local universities, annual budget makes no 
allocation to risk management. On the other hand staffs 
awareness of climate change is fairly high, use of chemicals 
never a first option in risk management, utility plans and 
proposals on risk management never dominated by 
technology, strategic plan for water demand exists etc. 
Table Key - U: Utility; A: ISWC; B: CRSWB; C: RSWB and D: BYSWB                                                                                                                       
Note: findings from literature review are summarised in Table 2.9 
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5.6 Chapter Summary:                                                                                                                                          
This chapter has been able to analyse the impacts of risks such as flooding, rising operation and 
maintenance costs, decreasing surface water quality, salt water intrusion, unstable annual rainfall 
and land erosion etc. It has shown that flooding, salt water intrusion, unstable annual rainfall, 
increasing rainfall intensity are perceived as the greatest hazard for all of the 4 utilities. 
Respondents also underscored some institutional issues/challenges such as increasing demand 
for water as a major ‘hazard’. The extent of impact (based on severity) was interpreted and 
recorded for each of the utilities in tables 5.2 – 5.5. Responses to other research questions were 
further analysed using both the questionnaire and interview schedules. The overall findings from 
these analyses are the general low response to risk management and a culture of that is not pro-
risk management in many cases. Chapter 6 accordingly discusses this result in the context of the 
body of the study.  
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6 CHAPTER SIX 
DISCUSSION OF FINDINGS 
 
6.1 Chapter Introduction                                                                                                                     
The Chapter discusses in details the actual findings from the study, including those from 
reviewed literature, data analysis and interviews. It makes this discussions based on the 
conceptual underpinning used for the study – the Coupled Socio-Ecological (CSE) perspective 
which has assessed the risks from source to tap. Section 6.1 introduces the Chapter. Section 6.2 
discusses the research questions; particularly research question 1 based on the Delphi technique 
and questionnaire feedbacks. Section 6.3 discusses the identified impacts across the classified 
Upstream, Intermediate and Downstream sides within a Time – Cost-Quality nexus. Sections 6.4 
to 6.8 discuss research questions 2, 3, 4, 5 and 6 respectively. Section 6.9 discusses the interview 
findings. Section 6.10 gives a summary of the findings; and 6.11 end the Chapter with a summary.                                                                                                                                       
6.2 Reviewing the RQ using the theoretical perspective  
Improving and sustaining water supplies in the delta requires innovation in the knowledge of 
natural systems behaviour (i.e. the hydrological cycle) as well as in the approach or factors 
controlling utility’s internal environment as well as those impinging on resource use such as 
planning and design. This therefore calls for an integral approach. Similar suggestion has been 
made by CPWC (2009) on the need to move from a structured engineering centred approach to 
an “integral approach”.  This underscores that ‘‘external’’ to the water utilities are the ecosystem 
and the user groups. Prevailing circumstances such as population growth, climatic variability and 
pollution etc. greatly impinges on water services and to a large extent tasks on utility’s 
management creativity. For example, Pearson and Collins (2010) explain that changes in rainfall 
patterns or occurrence of floods, droughts or cyclones may impact on the type, extent or timing 
of decisions made by water utilities. Further to this and based on arguments made in chapter 3 
especially sub-section 3.4.1 and table 3.1; table 6.1 was developed. Table 6.1 answers a part of 
RQ1: however it further classifies or disaggregates the manifest risks as identified by the Delphi 
participants. 
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Table  6.1: Classification of the identified risk streams  
Risk Classification Description 
 
Upstream Risks  
(These are so classified because they are 
risks that are mostly contiguous and 
endemic to the resource. They directly 
impact utility water sources either in-
situ or contiguous to it. Where they 
occur they constitute a challenge to 
utility operations. They are recorded to 
be happening with or without varying 
climate though could be exacerbated by 
it.  
Hazard  or  natural                                                                                                               
Iron contamination, Unstable annual rainfall 
Saltwater intrusion or salinity of source 
Low pH, More concentrated water flow, Drought 
Groundwater recharge constraints e.g. porosity and 
permeability etc. Land erosion , Flooding ,  Land inundation                                                                                                                                                                                                                     
Landslide, Land subsidence,   Coastal erosion                                                                                                       
Earlier water flow, Sea level rise, Ocean /storm surge 
Earth tremor/earth quake, Reduced stream/River flow 
Submersion of water supply facilities, Windstorm 
Increasing rainfall intensity (mm per hour) 
Decreasing surface water quality 
 
Intermediate Risks                                                          
(These are mostly internally-originating 
risks that has to do with the day – to – 
day operations of the utility. They are 
mostly internal issues and are recorded 
to be happening with or without climate 
change)                
 
 
Operational and Financial                                                                       
Increasing operation and maintenance costs                                                                                     
Inaccurate climate models and planning difficulties                                                                                        
Damage to water supply facilities, .                                                                                                                 
Degraded assets                                                                                                                                             
Low capacity of machinery and equipment                                                                                          
Poor utility leadership 
Non-Revenue Water (NRW)                                                                                                           
Poorly trained and ill-motivated staff                                                                                                         
Dwindling corporate reputation                                                                                                            
Customer dissatisfaction                                                                                                                                       
Poor revenue generation                                                                                                                                   
 
 
Downstream Risks                                               
(These are external environment related 
or driven risks that are often beyond the 
direct control of the utilities. They are 
recorded to be happening with or 
without climate change).                              
Strategic                                                                                                   
Increasing urban demand for water  
Bad political governance                                                                                 
Change in watershed vegetation and ecology   
Pollution or contamination events occasioned by demographic 
pressure such as those of point and non-point e.g. 
bacteriological contamination and high nitrate levels or 
concentrations etc.                                                                                                         
Urbanization and population growth.                                                        
Acts of Vandalism and theft of utility assets Government 
legislation and policy (including subsidy).   
Note: the listing on this table is of no particular order and were compiled based on respondents listing. 
 
From table 6.1, it is seen that intermediate risks are mostly internal issues of the water utility. 
This was done to reflect the theoretic perspective of the study. And in support of this, Berkes 
and Folke (1998) postulates that natural systems refer to biological and biophysical processes 
while social systems are made up of rules and institutions. These therefore mediate human use of 
resources as well as systems of knowledge and ethics. Hence interpreting natural systems from a 
human perspective is relevant. It is in this regard that the risk streams shown in table 6.1 are 
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based. And the role of the institution is underscored by Adger (2006, 3) thus: ‘‘where institutions fail 
to plan for hazards or for changing social conditions and risks, system vulnerability can be exacerbated’’. 
Therefore, these internal issues of the utility depending on their status could be an enabler or 
constraint to achieving resilience. Also, it is also seen from table 6.1 that downstream risks are 
also issues that are prevalent outside the utility or external to it.  
These issues often have to do with external institutions or people, who often are stakeholders of 
the utility. Also, their integral management or otherwise, could also be an enabler or constraint to 
enhancing organisational resilience in the utility.  But at the uppermost end of the table are risks 
described as upstream. Within the context of this study, they are exclusively classified catchment 
related based on the fact that they co-evolve with the water source, and also largely associated 
with climate change.                                                                                                                                                               
In furtherance of these thoughts, and in response to the research question 1: What are the impacts 
of climate variability/extreme events on utility operations? , table 5.1 was developed to illustrate risk 
impacts on Cost – Time and - Quality. In tandem to table 5.1, table 6.1 and now table 6.2 were 
developed to illustrate hazard and vulnerability variables from source to tap. 
Table  6.2: Source to tap risk impact levels  
Risk Category Constituent Variable Impact Level 
  Upstream  (Source)                                       Hazard Variable                                         First Order Impact    
[RQ1 and RQ2]                                                  
    Intermediate    (Utility)                                   Vulnerability Variable 
 
 Second Order Impact   
[RQ3 – RQ6]                                             Downstream     (Tap)                           
 
The hazard variables are basically natural factors such as climatic, hydrologic and even geologic 
regimes common in that area. For rainfall driven flood this can be measured via the physical 
characteristics of flooding such as rainfall intensity, duration and frequency (IDF) etc. The 
vulnerability variables are factors that are favourable to and sustain disaster e.g. flood. They 
include a coterie of socio-economic issues such as cultural setting, settlement patterns, land use 
decisions, quality of flood forecasting, early warning and response systems, absence of 
environmental regulation and failure to adapt by relevant institutions etc. Accordingly, in the 
context of this study, a hazard is defined as the expressions of the earth’s physical processes 
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(UNEP/ISDR, 2011). On the other hand therefore, vulnerability is defined as the state of 
susceptibility to harm from exposure to stresses associated with environmental and social change 
and from the absence of capacity to adapt (Adger, 2006).  
Therefore, in accordance to these definitions, disaster e.g. flood can be argued as not being 
random in occurrence or occurring by accident, but rather, are the convergence of hazards and 
vulnerable conditions (See UNEP/ISDR, 2011). Hersh and Wernstedt (2001) using a case study 
from the United States argue that in an assessment of water utilities’ vulnerabilities that the 
combination of hydrologic effects and current institutional and social stresses especially 
population growth, could make some water utilities more susceptible to extreme weather events 
associated with a changing climate. This is in tandem with Chatterjee (2008) who opined that the 
dynamics of urban demography have a strong influence on human vulnerability to environmental 
risks and hazards in developing countries. 
6.3 RQ1: What are the impacts of extreme climate events on utility 
operations?                                                                                                                                       
This follow up questions to the Delphi question sort to find out the extent of the impact on 
utility services based on their mean score rating as derived from table 5.1 in the utilities. In 
tandem with the Hyogo framework for action (see HFA, 2005) which recognises that disasters 
occur when hazards interact with, among other things, environmental and institutional 
vulnerabilities. For the institution, its vulnerability is dependent not only on the sensitivity of its 
internal variable, but also on its inability to adapt to new climatic conditions (see Watson et al. 
1996). The Vulnerability Variables (VV) for the water utility as an institution is also a function of 
its poverty (similar argument has been made by Watson et al. 1998) in terms of its internal 
environment (as listed under intermediate in table 6.1).  
In this context and in essence, this poverty limits the utility’s overall adaptive capabilities. 
UNEP/ISDR (2007) argues that good governance is not only a matter of legislation, but that it is 
also based on appropriate, effective and flexible institutions. Also, the (WWF, 2006) states that 
the water crises is largely a governance crises typified by poorly organised institutions, weak legal 
frameworks, limited human and financial resources, corruption and lack of transparency, and a 
limited involvement of stakeholders in decision-making. This view is also shared by Mukheibir 
(2010) who states that the underlying cause of water scarcity is largely institutional and political. 
And for the water utility, this is crucial.  In thinking about resilience, it is germane to point out 
that the relationship between any intermediate or downstream risk to their individual or 
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respective vulnerability variables or those between the upstream risk and the hazard variables is 
to say the least non-linear. Also, when the VV and HV do converge, the utility is harmed. Such 
harm could possibly be via system damage or source pollution which if not managed adroitly 
could affect the efficiency or effectiveness of utility operations or services. A threshold or 
tipping point is a stage where the internal resistance of a utility system to the impact is 
overwhelmed. Beyond that point what obtains is the threshold effects i.e. how the system 
subsequently behaves. It is this behaviour that is described as emergence.  
Often, such emergence may be showcased via improved services or otherwise. According to 
Bennet and Lugt (2007), studies of the vulnerability and assimilation capacity of natural 
environments and ecosystems in different regions help us to determine, for example, critical 
loads or levels that we should avoid bypassing, and that they also help us to determine early 
warning signals. Milman and Short, (2008) quoting (Alberti, 1996; Azar et al. 1996; Lundin et al. 
1997; Morrison et al. 2001; Carpenter et al. 2001) argue that useful measure of sustainability 
should not only describe the state of the system but should also provide an early warning of 
problems by reflecting the ability of the system to absorb stresses and (proactively) cope with 
change.  Hrudey and Hrudey (2006) states that water utilities must seek not only to meet their 
legislative requirements but also maximize the availability, serviceability and life of their assets 
and minimize expenditure on energy, chemicals and processes.  
But, water supply infrastructure face a greater risk of storm and flooding damage, and for utilities 
to keep supplying their customers with life supporting water, they will need new planning and 
capital spending solutions for capturing, diverting or treating water (E &SW, 2008). Efficiency 
here means providing water services at the lowest cost possible while maintaining a constant 
level of quality, while effectiveness on the other hand means providing the service as agreed, 
required or as stipulated e.g. on time, dependably and or in a logical, sensible way etc. In 
consideration of relevant VV and HV variables as well as suggested adaptations in the context of 
the research findings, discussions are made in rest of section 6.3 up to section 6.11. 
6.3.1 Impact of hazard variables                                                                                                   
These are those upstream risks that are mostly contiguous and endemic to the resource. They 
directly impact utility water sources either in-situ or contiguous to it. They are the primary hazard 
variables in the context of this study.                                                                                                                                                          
6.3.1.1. Impacts of high intensity rainfalls and flood                                                                                                         
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Floods currently constitute one of the greatest hazards in the study area. This is evident from 
annex table 4.6a. Here flooding, (item no. 21) retains a unique ‘‘.000’’ in standard deviation 
scores in 75% of the utilities except ISWC where the SD values is ‘‘.518’’. This SD value enables 
an indication of a kind of ‘average’ amount by which all the values on the ‘LIKERT SCALE’ 
deviate from the mean. The greater the dispersion, the bigger the deviations and the bigger the 
standard (‘average’) deviation. For flooding, it is indicative of no deviation from the mean for 3 
out of the 4 utilities. On a closer examination of annex table 4.6a, this is significant when 
compared with other extreme events such as salt water intrusion, decreasing surface water quality, 
land erosion etc. Nearest to flooding in this unique SD attributes though differing substantially in 
mean values are inaccurate climate modelling and planning difficulties, coastal erosion, landslide, 
earlier water flows, land subsidence, sea level rise and other flood impacts. The water table in 
Port Harcourt is generally less than 10m below ground surface (Gobo and Abam, 2006) and 
about 0.3m in other places (Akujieze, 2002). Figure 6.1 shows the general perception of flood 
events across the utilities:                                                                                                                                                   
 
Figure  6-1: Flooding rate as perceived by respondents 
The combination of rainfall, inadequate and poorly maintained drainages, and low permeability 
of the superficial soils dispose the Port Harcourt area to flooding on an annual basis whenever 
rainfall is in excess of 100mm (Gobo and Abam, 2006).Increasing rainfall intensity showed: 
ISWC (4.38), CRSWB (4.38), RSWB (5.00) and BYSWB (5.00) as shown in figure 6.2. According 
to the FWMAUK (2010) flood includes any case where land not normally covered by water 
becomes covered by water. Flood may be directly caused by heavy rainfall, a river overflowing or 
its banks being breached, a dam overflows or being breached, tidal waters, groundwater, or 
anything else, including any combination of factors (FWMAUK, 2010). In Nigeria common 
flood categories are surface flooding, fluvial flooding and groundwater flooding. Accounts of 
coastal flooding as a result of rising seas or land subsidence have not yet been noted in the 
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literature in the study area. One factor, possibly responsible for this is the lack of measurements 
using gadgets like the tide gauge. 
 
Figure  6-2: Perceived impact of increasing rainfall intensity (mm per hour) 
Utility respondent scores for ocean surge: ISWC (1.00), CRSWB (3.25), RSWB (3.00); land 
subsidence: ISWC (2.25), CRSWB (2.25), RSWB (2.00) and BYSWB (2.00), and Sea Level Rise: 
ISWC (1.00), CRSWB (3.00), RSWB (3.00) and BYSWB (3.25) shows that these hazard variables 
may also be driving flooding, albeit overtly. The standard deviation scores for sea level rise at 
(.000) for 75% of the utilities show the unanimity of this perception within the utilities. On the 
other hand, the ability of the utilities to identify inaccurate climate modelling as causing planning 
difficulties with scores of : ISWC(4.13),CRSWB(4.00), RSWB (4.88) and BYSWB (4.63) indicates 
that  the absence of climate monitoring activities in the study area shrouds awareness and 
constrains action. Akujieze et al.(2002) corroborates this finding by pointing out the impacts of 
lack of groundwater modelling in aquifer characterisation and development. 
Fluvial flooding occurs when a river overflows it bank. Limited drainage systems or blocked 
drainages often combine with saturated soils to cause surface flood (Aprioku, 2005). 
Groundwater flooding can be defined as flooding caused by the emergence of water originating 
from subsurface permeable strata (Cobby et al. 2009). In contrast to fluvial flooding, 
groundwater flooding can leave areas inundated for many months, often resulting in substantially 
higher damages (Green et al. 2006). For utilities, flooding manifests itself via water quality 
impairment, the submergence and destruction of utility infrastructure as well as displacement of 
people from their homes and point of service connection as well as disruption to water services 
to homes when water treatment works are flooded. The implication has been huge costs on 
utilities in order to improve water quality, repair or replace infrastructure, dewater critical service 
or operational areas when flooded. It also stretches utilities in emergency situation which 
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requires bringing water to camps on high grounds where flood refugees are often temporarily 
kept. The cost of such water services during emergency situation is often a social service as it was 
found not to be paid for. For example, the RSWB as at 2012 was trucking water to residents in 
outskirts of Port Harcourt city, where groundwater sources were impaired by industrial pollution. 
Though a record of amount of water supplied was kept, it was not clear who  
 
Figure  6-3: Water truck waiting to take and deliver emergency water from RSWC 
terminals  
 
was billed as the residents freely collected and used the water. Similar situation also happened 
during the 2012 floods that submerged parts of Port Harcourt and consigned many residents in 
high ground camps. Figure 6.3 shows the trucks waiting for emergency water while figure 6.4 
shows extent of land inundation as perceived by respondents. 
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Figure  6-4: Land inundation impact in the utilities 
Flooding induces turbidity and often acts in tandem with land erosion to impair water source 
quality. Most respondents indicated that Rivers and streams were generally observed to get 
turbid after heavy rains in the study area. Decreasing surface water quality recorded: ISWC (4.38), 
CRSWB (4.50), RSWB (2.50) and BYSWB (3.75) as shown in figure 6.5. Low scores for RSWB 
may possibly be because of its wholesome dependence on groundwater sources as similar low 
scores was recorded against it for both reduced stream/river flow and earlier water flow as 
compared with other utilities. Surface water turbidity indicates the presence of suspended clay, 
silt, finely divided organic matter, algae, and other micro-organisms (Tiner, 1979). This is 
possibly because contaminants easily find their way into surface water sources because of their 
open nature. The consequence is that high turbidity interferes with chlorination and makes water 
unsuitable for human consumption (Dearmont, 1997).   
 
Figure  6-5: Perception of decreasing surface water quality by the utilities 
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Earlier studies by Oyebande (1982) and Salako (2008) associate the study area with high intensity 
rainfalls that induce flooding. The UN-Habitat (2011) posits that more frequent heavy 
precipitation events will have far-reaching economic and social implications for the urban 
environment especially through flooding and landslides. It also argues that indeed, floods are 
among the most costly and damaging disasters and their frequency and severity has generally 
increased in the last decade.  
For the study area, this is largely true as the impact of flood in the study area is noted as generally 
a product of or combination of the rainfall Intensity – Duration –Frequency (IDF) and the 
vulnerability variable.  Oyebande (1982) argues that intense rainfalls are highly localized in the 
coastal region, under the influence of the West African monsoonal. The West African Monsoon 
(WAM) is a coupled ocean-continent – atmosphere system that experiences a strong spatio-
temporal variability (Peyrille et al. 2009). Respondents in the study strongly affirmed the 
observation of increasing rainfall intensity as shown in figure 6.2. The finding here is in tandem 
with those of the UN-Habitat (2011) which notes that flooding is one of the most costly and 
destructive natural hazards, and one that is likely to increase in many regions of the world as 
precipitation intensity increases.  
6.3.1.2. Impacts of high kinetic energy rainfalls and land erosion                                                                         
High intensity rainfall is also noted to be responsible for land erosion. Similar conclusions were 
reached by Salako (2008) who argues that rainfall intensity is a key measure of rainfall erosivity. 
The recorded respondent scores for land erosion, which largely makes eroded soil particles and 
silts available to flowing water, and  thereby enhancing turbidity was rated as follows: 
ISWC(4.88), CRSWB (4.38), RSWB (3.00)  and BYSWB (4.25) as shown in figure 6.6: 
 
Figure  6-6: Land erosion impact as perceived by utilities 
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The implication of this high intensity rainfall is fouling of water quality. From table 4.6a it can be 
seen that respondents also rated the impact of decreasing surface water quality as a result of 
turbidity high across the utilities. Also noted was that rainfall induced erosion flushes more silt 
into rivers and streams, and this often interferes with water treatment processes. Bates et al. 
(2008) argues that the projected increase in precipitation intensity is expected to lead to a 
deterioration of water quality, as it results in the enhanced transport of pathogens and other 
dissolved pollutants (e.g. pesticides) to surface waters and groundwater, and in increased erosion, 
which in turn leads to the mobilization of absorbed pollutants such as phosphorus and heavy 
metals.  
The study observes that any change in rainfall characteristics which favours higher intensities 
would encourage the occurrence of overland flow and cause erosion (Bonell, 1998). Between 
erosion and flooding, Moffat and Linden (1995) argue that the large area and population of the 
Niger Delta ensures that erosion and flooding often results in substantial economic losses. Of 
the two types, Moffat and Linden (1995) argues that erosion is of greater concern because of the 
higher value of the land lost and the risk to a larger population whereas flooding is rated as a 
more important overall priority (moderate-high) than erosion because it has greater social effects. 
The impact of unstable annual rainfall on a cumulative basis also affects water quality through 
erosivity. The respondents rated unstable annual rainfall as having a major impact on utility 
services with the following scores: ISWC (4.25), CRSWB (4.75), RSWB (5.00) and BYSWB (4.50). 
Table 2.7 showed the annual rainfall rates for 1970 – 2010 in the four study areas. These rainfalls 
also submerge utility facilities and work areas as shown in figure 6.7: 
 
Figure  6-7: Perception of extent of submergence of water supply facilities  
In a rainfall variability and kinetic energy study in southern Nigeria, Salako (2008) noted that the 
sea had a stronger local effect in Port-Harcourt. Temporal and spatial variations of rainfall in 
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West Africa are strongly influenced by the shifts in the Inter-tropical Convergence Zone (ITCZ). 
Also, Peyrille et al. (2009) posits that the same strong spatio-temporal variability influences the 
West African Monsoon (WAM), hence the total monsoon rainfall or the date of the rainfall onset 
is difficult to forecast, even at short timescales (Peyrille et al. 2009). This is certainly due to the 
numerous interactions occurring at the heart of the WAM such as the Atlantic sea surface 
temperature, large-scale advection from the ocean, waves or the different coupling with the 
continental land surface (Peyrille et al. (2009). The amount of rainfall influences the amount of 
kinetic energy (Salako, 2008). This explains why the study area with a higher amount of rainfall 
had a higher amount of annual kinetic energy.  
Figure 6.6 shows that ISWC has the highest impact score on land erosion (4.88) as well as a high 
score value of (4.25) for changes in watershed degradation (figure 6.15). Other utilities also share 
the same burden of watershed degradation but not at the same severity with ISWC on erosion. 
The overarching consequence therefore is the fouling of water quality as silt content increases in 
surface water. This is a big challenge for ISWC. Already, as annex table 2.3 shows vital 
interventions proposed by ISWC management to enhance quality control of its treated water. It 
is obvious from the table as depicted on columns 2, 3, 4, 5,6, 7 and 8 that siltation is a major 
problem in each of the identified water treatment stages. This largely defines the erosive and 
degrading nature of the watershed; the sediment-laden nature of the surface water source and the 
inefficiency of the various treatment stages used by the utility.  
For these load of silts to persist from the preliminary treatment stages to the secondary 
treatment stage underscores the urgency of improving and monitoring watersheds. This needs to 
move in tandem with treatment plant overhauling. Investing in watershed improvement is not 
exotic as similar efforts have been reported elsewhere. For example, private companies that 
operate the water concessions in Manila are investing in catchment management to preserve the 
quality and quantity of the water on which the city depends (FEER, 2001 as quoted by Foster 
and Briceno-Garmendia (2010). Also, in countries with degraded water catchments, development 
of water storage infrastructure needs to be accompanied by improved protection of watersheds 
to sustain the investment (Foster and Briceno-Garmendia (2010)). Doing this in ISWC or 
CRSWB where watersheds are degraded is timely. The implication of climate change under a 
degraded watershed scenario is possibly severe as it exacerbates the vulnerability variables. 
Degradation of water catchments undermines investments already made in water resources as 
loss of vegetation, erosion, and sedimentation are major threats to surface water resources, 
because they cause lower base flows and higher flood peaks (Foster and Briceno-Garmendia 
210 
 
(2010)). The UN-Habitat (2011) opines that vulnerability or extent of exposure can also be 
linked to land-use planning within the city, including continued development in known 
hazardous zones, as well as the destruction of natural protective areas. And for the utilities the 
effect on water quality and the accompanying costs needs to be urgently attended to. 
6.3.1.3. Impacts of Salt water intrusion into aquifers                                                                                                                             
Saltwater intrusion or salinity of groundwater is a problem for all the utilities studied though 
CRSWB (4.75) and BYSWB (4.75) are worst hit compared to ISWC (3.50) and RSWB (4.25). 
This is shown in figure 6.8: 
 
Figure  6-8: Impact of salt water intrusion 
Though this can be largely attributed to the variation of abstraction rates of water over the years 
in the study area, however, the absence of monitoring in the study area may obscure threats 
associated with Sea level rises and land subsidence. Both sea level rises and land subsidence also 
drive salt water intrusion into in-land aquifers (see section 2.8.1). Nonetheless, earlier studies 
identified over-abstraction (Abam, 2001); entrapped fossil seawater in un-flushed parts of an 
aquifer (Oteri, 1988); engineering activities on water bodies (Okagbue et al. 1989; Ohimain, 
2004); group of sources including rising tides and storm surges (Edet, 1993; Edet and Okereke, 
2002). However, no previous study in the study area has linked salt water intrusion in the study 
area to factors such as the dissolution of evaporitic deposits and pollution from various 
anthropogenic sources including sewage and some industrial effluents such as oil and gas field 
brines. This study was however, able to identify water sources as also being vulnerable to 
nutrient loading: ISWC (4.63), CRSWB (3.63), RSWB (4.88) and BYSWB (4.88). The implication 
is that salt levels in water sources in the study area may also have come from diffuse pollution 
points such as agriculture and leaking sanitary systems. Eutrophication of surface water bodies 
especially in-land Rivers and streams was also a concern for ISWC and CRSWB. 
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It also needs to be stressed that about 30% of the Niger delta cities were built on land claimed 
from brackish or saltwater ecosystems (Moffat and Linden, 1995). The new city of Yenagoa has 
possibly expanded the coverage and exacerbated the salinity problems. Salinity problems in the 
study area have led to the abandonment of many wells.  
6.3.2 Vulnerability variables                                                                                                                   
Outside the hazards are factors that influence susceptibility to harm and these are the 
vulnerability variables. In the context of the study these are discussed within the institutions 
(utilities) based on their actions and inactions. These are mostly internal challenges that 
constitute vulnerability variables within the utility as an institution. They readily converge with 
hazard variables to cause disaster. They are mostly internal issues and are recorded to be 
happening with or without climate change.                                                                                   
6.3.2.1 Vulnerability variable of lack of early warning systems                                                                                   
At the institutional level are the need for water extraction, treatment and distribution. Water 
quality can degenerate if not well managed.  The first stage at the planning process should be a 
reliable hydrological and water quality data which are desired for effective water resource 
management and informed decision making. However, none of the 4 utilities has any of these, 
hence the regular monitoring of the hydrological system (such as meteorological stations, GIS, 
rain gauges, tide gauges, and river flows) is largely absent though the utilities insisted that they 
rely on and obtain such information from the River Basin Authorities and the Nigerian 
Meteorological Agency (NIMET). Huge scores obtained under ‘‘Inaccurate climate modelling and 
planning difficulties’’ in Figure 6.9 is indicative of the huge nature of the impact on the utilities 
especially in water quality planning and management.   
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Figure  6-9: Inaccurate climate modelling and planning difficulties 
However, this is neither peculiar to the Niger Delta in particular nor Nigeria in general, as it 
seems to be a common problem across Africa. The World Bank, (2010) reports that most 
African countries have not updated their assessments hence Africa also lags behind the rest of 
the world in the number of meteorological stations where data can be systematically collected for 
dissemination to users. According to the World Meteorological Organization, Africa has only 
1,150 observation stations—one-eighth the recommended number (UNFCCC 2006).   
   
6.3.2.2 Vulnerability associated with high water treatment costs 
Inadequate finance or funding can constrain initiatives to improve water quality. This is most 
likely if the incidents of pollution or impairment are frequent. The study finding shows that 
operation and maintenance cost is a challenge already: ISWC (4.50), CRSWB (4.38), RSWB (4.88) 
and BYSWB (4.00) as shown in Figure 6.10.      
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Figure  6-10: Increasing operation and maintenance costs 
Accompanying this is inadequate financial resources in the utilities: ISWC (4.63), CRSWB (3.25), 
RSWB (4.00) and BYSWB (4.00) as shown on figure 6.11. The implication of financial resources 
shortage in this regard is the predisposal of utility water to continuing impairment. Yet, 
disinfectant in the treatment of a water supply remains crucial to ensuring public health (Gadgil 
1998; Ford 1999). The final outcome therefore could be the intentional absence of disinfection 
because of inadequate finance. Surface water such as rivers, streams, lakes and ponds, may often 
contain various contaminants or even pollutants. And under climate change or extreme weather 
events these contaminants could transit to pollution stages if adequate mitigation steps are not 
taken at the upstream stages to restore and improve water quality. The impact of flooding is 
huge for studied utilities as utilities studied especially those drawing water from surface water 
complained of extensive mixes of chemicals to deal with prolonged turbidity. Respondents 
scores in that regard and related issues were shown in table 4.6a.It is noted that water treatment 
costs vary based on geographical factors such as soil types, rainfall and temperature (Dearment, 
1997).Coupled with finance is increasing operation and maintenance costs which is common 
across the utilities, as these utilities try to achieve water of good quality for its customers. 
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Figure  6-11: Inadequate financial resources 
Also, as shown on annex table 4.6a, customer satisfaction with utility services is barely above 
average in two of the utilities, at average in one and below average in the other. Though this was 
not disaggregated based on water quality, but through other perspectives raised by the 
respondents it was inferred to be linked to it. For example, one common issue raised in Calabar 
was taste of chlorine by some customers while some complained that their supplied water had 
debris and sediments in it. In Owerri, utility experts reported that customers were accusing the 
utility of inadequate treatment or addition of chemicals in water i.e. that they are being served 
with raw water that did not have any chemical treatment. Similar complaint was reported in Port 
Harcourt and Calabar were utility experts argued that despite their efforts that water consumers 
accuse RSWB and CRSWB of supplying untreated water. However, such accusations may not be 
outlandish as approximately 20–40% of urban water systems in the developing world do not 
disinfect their water supplies (WHO & UNICEF 2000). However, the state of affairs in this 
regards can be inferred from the following quotation:  ‘‘Sometime in the recent past we sent a request for 
funds to purchase chemicals to the state government, but there was no response despite entreaties to the board of 
directors, director of water services, the permanent secretary, and the commissioner etc. the general manager then 
approached the state governor alerting him on the possibility of a shutdown of water production if no chemicals 
came in earnest. His hope for a quick action was dashed as the governor threatened him with a sack if production 
was shut. The utility had no option other than to pump untreated water, as nobody was ready to be thrown into 
the labour market at this austere times’’ – Utility Manager 
Another issue under water treatment was the challenge of chlorine demand management in the 
face of shrinking utility finance and rising operation and maintenance costs under climate change 
or extreme weather events. Under normal situations utilities are required to apply sufficient or 
adequate amounts of chlorine, aimed at  reacting  with anything in the water, kill off all 
pathogens and still leave a small ‘‘residual’’ amount of ‘‘free chlorine’’. This residual amount of 
0
2
4
6
ISWC CRSWB RSWB BYSWB
4.63 
3.25 
4 4 
In
ad
eq
ua
te
 fi
na
nc
ia
l 
re
so
ur
ce
s i
m
pa
ct
 ra
te
 
Utility 
215 
 
free chlorine, need to be sufficient to kill off additional pathogens which could find their way 
into the water distribution system, and is typically 0.5mg/litre (WHO, 2004). The presence of 
sufficient free chlorine at any point in a distribution system indicates that the water quality is 
good. If the residual has fallen to below the desired chlorine concentration this indicates that 
there is a risk that the water has become polluted somewhere in the system or distribution line.  
However, it is noted that corrosion rapidly reduces the concentration of this residual chlorine 
(Trussell 1998), and across the 4 utilities ageing pipes is synonymous with corrosion. The high 
acidic levels of groundwater in the area also predispose WDN to corrosion.  The consequence is 
such that the extent of corrosion seriously affects the ability of the residual chlorine to inactivate 
pathogens (LeChevallier et al. 1996). Also, Lee and Schwab (2005) argues that the ability of a 
disinfectant to inactivate pathogens is crucial to ensuring high microbial quality of water, and 
therefore, the extent of corrosion can seriously hinder the effectiveness of a chlorine residual.  
Apart from CRSWB, none of the other utilities have records of the amounts of residual chlorine 
in the water leaving the treatment plants despite the fact that best practice as suggested by WHO 
(2004) requires that this should be checked regularly, ideally on at least a daily basis to ensure 
that the correct dose of disinfectant is being applied. 
6.3.2.3 Vulnerability variable associated with aging water distribution networks                      
Like other physical infrastructure; water infrastructure deteriorates over time and needs repair 
and replacement. Investment is also required in operation and maintenance and in developing 
the capacity of the water sector so that infrastructure meets appropriate standards and functions 
efficiently (UNWWDR3, 2009) but where this is not the norm, risk ensures; that is operational 
risk that is capable of constraining further services. In this context therefore is the realization 
that most water supply infrastructure will need to be rehabilitated or replaced because the 
expected service-life of pumps, filters and other small or mechanical parts is 5-15 years and pipes 
and water tanks are expected to last no more than 50 years (Millan and Short, 2008).  
Studies by WHO and DFID (2009) had also looked at the lifespan or sustainability of 
infrastructure from two time horizons: 2020 and 2030. The study states that conditions in 2020 
reflect the expected working life of much of the technology and infrastructure already installed 
or being installed and therefore the policies and planning of recent decades. Natural ageing and 
corrosion of water distribution infrastructure can create conditions favourable to bacterial 
growth (Lee and Schwab, 2005).  
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A number of failures in the distribution system, namely loss of adequate disinfectant residual, 
low water pressure, intermittent service and ageing of infrastructure can result in the declining 
quality of the water supply (WHO & UNICEF 2000).In the study area, the combination of 
ageing and inadequate infrastructure: ISWC (4.75), CRSWB (3.75), RSWB (4.25) and BYSWB 
(4.13) as shown in figure 6.12. Potentially, large economic costs are likely to be associated with 
the implementation of proactive or response strategies (e.g. expansion of facilities, new water 
pricing policies, innovative technologies, and mismanagement) or the consequence of inaction 
e.g. deterioration of water quality and reduction in irrigated crop yield (Vorosmarty et al. 2000).  
 
Figure  6-12: Ageing and inadequate infrastructure 
Bhatia and Falkenmark (1993) and Serageldin (1995) estimate that the financial and 
environmental costs of tapping new supplies will be, on average, two to three times those of 
existing investments, because most of the low cost, accessible water reserves have already been 
exploited hence, when details of figure 6.12 are coupled with inadequate financial resources: 
ISWC (4.63), CRSWB (3.25), (RSWB (4.00) and BYSWB (4.00) and increasing operation and 
maintenance costs: ISWC (4.50), CRSWB (4.38), RSWB (4.88) and BYSWB (4.00) it can be 
noted that funds are actually needed to improve the situation. This is particularly critical for the 
water distribution network (WDN) used for distribution of treated water to consumers.  
Yazdani and Jeffrey (2011) describe WDN as one of the most important complex infrastructure 
systems to manage. The role of these distribution systems in potable water distribution has 
proven critical for public health improvement (Nelson, 2001). But Lee and Schwab (2005) posit 
that intermittent services predispose these networks to unsafe conditions as stagnancy of water 
encourages growth of micro-organisms. For instance, outbreaks related to failures in the 
distribution system continue to occur in the United States; approximately 18% of all reported 
outbreaks are caused by contaminants entering the distribution network after treatment (Craun 
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& Calderon 2001).The result is that negative hydraulic pressure can draw pathogens from 
contaminants surrounding water pipes into the water supply, through leakages in the network 
(Lee and Schwab, 2005).   
It has been argued (Trussell 1998) that intermittent water supplies create pressure differences 
within pipe networks and that the resulting inadequate pressure as well as the reverse flow or 
back-siphoning of water is a common cause of distribution system contamination worldwide. A 
drop or differential in pipeline pressure can result in the reversal of flow, with water flow in the 
direction of lower pressure (Lee and Schwab, 2005). As a result, Back flow occurs, which is 
defined as the flow of undesirable water back into the potable drinking water supply (Herrick 
1997) There are two types of backflow that may occur(Lee and Schwab, 2005). The first is back-
siphonage, which occurs when the pressure drops sufficiently to cause a vacuum effect in the 
pipe, which can then draw in contaminants through leaks in the pipes or through cross-
connections (Geldreich, 1996; Mermin et al. 1999; Kelkar et al. 2001).   
Apart from ‘‘Aging and inadequate infrastructure’’, another allied problem was ‘‘Damage to water supply 
facilities’’. All 4 utilities recorded high scores as follows: ISWC (2.63), CRSWB (3.38), RSWB (4.00) 
and BYSWB (4.13), represented in figure 6.13.  One commonly observed extreme weather 
impact in this context was the ability or tendency of high intensity rainfall induced erosion to 
unearth and expose utility pipes hence making them vulnerable to damage by people, animals or 
vehicles etc. Across the cities where this was the case such as Port Harcourt, Owerri and 
Yenagoa, such pipes were susceptible to contaminants driven by flood. And often this is 
exacerbated by intermittent water supply status of these cities which enhances contamination 
along the distribution pipelines. Associated with damage to water supply facilities are the 
prevalent use of Asbestos Cement Pipes (ACP) by the utilities and this is largely responsible for a 
lot of problems such as water leakages at critical areas. Cement-based materials such as concrete 
and asbestos-cement pipes have the potential to leach calcium-containing products and asbestos 
fibres into the water, while metal-based materials such as iron will oxidize to form precipitates in 
the water (Wagner, 1994). 
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Figure  6-13: Damage to water supply facilities 
The situation is also prevalent in Calabar, except that most of the old water pipes in Calabar are 
being replaced with new ones by the private sector management partners. Also, an on-going (up 
to year 2015) densification programme across Calabar has seen to the continuing monitoring and 
replacing of WDN pipes.  In addition, rates of pipeline deterioration are influenced by 
technology chosen, design engineering and spatial planning of the distribution system, which are 
often inferior in developing countries (Chowdhury et al. 2002). Also, it has been noted by Lee 
and Schwab (2005) notes that all distribution systems deteriorate over time and that corrosion is 
an essential factor in the natural ageing process of water pipes. Corrosion is defined as the partial 
solubilization of distribution system materials (del Carmen Gordo Mun˜ õoz, 1998), and is a 
means of introducing organic and inorganic matter into the water supply.  All materials, no 
matter what their composition, will deteriorate and corrode over time (Agard et al. 2002). 
Characteristics of the distribution network, namely pipe material and composition, affect the 
extent of corrosion (Besner et al. 2002). And these weaknesses make the water pipe networks 
prone to damage by extreme events such as land erosion. 
6.3.2.4 Vulnerability variable associated with lack of water safety plans (WSP)                       
Studied utilities lack institutional mechanisms to carry out their WSPs. Annex table 4.6a shows 
the utilities’ responses to the question ‘‘Absence of water safety plan limits utility capacity for quality 
control?’’ with the following scores: ISWC (4.63), CRSWB (1.38), RSWB (4.25) and BYSWB (4.50) 
as represented in figure 6.14. The WSP implementation is the task of the water utilities. It 
underscores the importance of quality and makes effort to identify all potential source of quality 
threat. According to Summerill et al., (2010), the Water safety plans (WSPs), described by the 
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(WHO, 2004a) and championed in the Bonn Charter (IWA, 2004), is promoted as the most 
effective means of ensuring drinking water safety. 
          
Figure  6-14: Absence of WSP limits utility capacity for quality control 
According to Hamilton et al. (2006), the Bonn charter is the product of an international 
workshop in Bonn, whose recommendations were underpinned on the principles of providing 
“good, safe drinking water that has the trust of customers” (AWWA et al. 2001). To achieve 
these objectives, key principles were set out for creating an integrated approach to water safety 
across the four stages of water supply: (a) catchment, (b) treatment, (c) distribution and (d) 
customer plumbing systems (Hamilton et al. 2006). The Bonn charter also recognises that close 
cooperation is required between water suppliers, governments, health agencies, environmental 
agencies, land users and other stakeholder groups to maintain and promote drinking water safety 
(Hamilton et al. 2006).  
According to Summerill et al. (2010), the Bonn Charter highlights that water utilities need to 
supply ‘good safe drinking water that has the trust of consumers’, and outlines five main 
responsibilities of a water utility, which are as follows: Development of WSPs; Quality testing of 
water; Identification of full cost of service provision and make appropriate investments; Ensure 
staff have sufficient training and Maintain adequate and auditable accounts. Annex table 4.6c 
identifies many factors driving vulnerability in the utilities but relevant in the context of WSP are 
inadequate coordination among government agencies in the watershed; lack of skilled manpower; 
absence of climate risk management policy; absence of vulnerability assessment, and absence of 
capacity to secure finance etc. The scores for each of the utilities are as shown on the annex table 
4.6b.  
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On the other hand, the Nigerian Standard for Drinking Water Quality (2007) (attached as annex 
table 6.0) contains mandatory limits concerning constituents and contaminants of water that are 
known to be hazardous to health and/or give rise to complaints from consumers. The standard 
includes a set of procedures and good practices required to meet the mandatory limits. In 
particular, it lists and identifies activities desired for effective sanitary inspections, sanitary 
surveys and regulations including the WSP. However, the quality standard is generic and does 
not make any special or particular reference to the extant challenges in a fragile environment 
such as the Niger Delta.   It needs to be noted that there was reluctance on the part of the 
utilities to share data on their water safety plans, water quality reading or analysis programmes as 
it affects microbial, chemical and physio-chemical parameters etc. This raised suspicion on due 
diligence as it affects the quality assurance and controls in these utilities. The utilities would need 
to complement the haste at making available the capital needs of their treatment plants with data 
showing efficiency in data keeping as it affects critical water safety parameters.  
6.3.2.5 Vulnerability variable associated with rigid technologies                                                                                        
Under extreme weather events the flow rates of local rivers could either get reduced or enhanced. 
Utilities showed that their water sources experienced reduced flow rate on table 6.4 (no. 20) with 
the two surface water-dependent utilities ISWC (3.00) and CRSWB (3.00), while decreasing 
aquifer recharge showed RSWB (4.75) and BYSWB (2.00). The variability and uncertainty 
associated with these occurrences and the concomitant quality of the water from periods of low 
flow to high flow may facilitate the need for adjusting the treatment processes used. Since the 
selection of an appropriate treatment process is generally a function of the quality of the raw 
water being extracted, the impact of climate change is apparent via the uncertainties it impacts on 
seasonal climatic variations. The consequence is that the shortlisting of any particular treatment 
option becomes imprecise   
For surface water – dependent utilities, adaptation to these vagaries and climate fluctuations as it 
affects both the ISWC and CRSWBL could include the use of multiple screens at multiple 
locations (2 or 3 upstream) to remove heavy debris carried by rivers especially after heavy rains; 
the use of floating suction intakes as against rigid and firm suction intakes to guide against water 
levels falling below suction levels. For ground water – dependent utilities well screening could be 
further extended to cover more aquifer areas underground. The implication is the need for 
technological flexibility.  The central components of resiliency in technological terms might 
include as argued by Jeffrey et al. (1997), modular technology design, diversity of technology 
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configurations, and diversity of technology types, scale independent technology designs, and 
adaptive infrastructures.  
6.3.2.6 Vulnerability variable associated with limited revenue generation                                                                                                            
If these utilities are to diversify water sources, move facilities to higher ground, use improved 
meteorological services, expand treatment plant capacity, reduce leakages, and/or build 
additional reservoir storage capacity amongst others, enormous costs will be involved. But how 
can they achieve these improvements in an environment of limited finance?  Certainly, these are 
not simple investments and even when accomplished would need to be operated and maintained 
to guide against degeneration or deterioration. For example, most water supply infrastructure 
would need to be rehabilitated or replaced because the expected service-life of pumps, filters and 
other small or mechanical parts is 5-15 years and pipes and water tanks are expected to last no 
more than 50 years (Millan and Short, 2008).  
Also, given that these utilities often lack the financial capacity to invest in substantial 
infrastructure replacement programs since they wholly are dependent on government subsidies 
as shown on table 2.13, 2.18, 2.22 and 2.27 respectively. The result is that utilities continue to 
operate fully depreciated assets for 20-50 years after the point when replacement should have 
occurred (Danilenko et al. 2010) hence suffering the dysfunctional costs of such assets.  All the 
adaptation measures suggested requires various amounts of capital and government cannot 
offset all of them because government has enormous contending priorities. Often the most 
guaranteed location to source for funds beyond revenue from customers are the banks. But 
banks would only need sound business case or model founded on clear income and expenditure 
before granting such facilities. Hence cities of Port Harcourt and Yenagoa’s public water supplies 
are damned by government free water services, unless government pays per connection and 
utilities  account on that basis.  
At the BYSWB, water supplies are given or delivered freely and without any tariff payment by 
customers (or consumers) , the exception being that customers only pay to be connected to 
utility pipe networks. Beyond that they enjoy free water supplies for the limited number of hours 
the utility pumps and supplies water. The free water situation in Yenagoa was confirmed by a 
government official thus:  “The state government is magnanimous to say that the Yenagoa community should 
get water for free for now. That should be a great opportunity for residents to get water to their houses; people 
should stop crowding at the stand taps in their vicinities but rather go to the water board, pay a little money to 
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enable us connect water directly into their homes so that water will be available to them at their own convenience’’ 
(BYSWB General Manager, 2011).  
 Supply of free water services is also the norm in Port Harcourt as RSWB have a directive from 
the Rivers State Government (RSG) not to sale but to supply water freely to consumers. The 
implication here is a problem of cost accountability, which is inimical to resilience building. Both 
the RSWB and BYSWB hugely depend on government’s monthly subventions to defray the 
inherent cost of their free water services. However, these subventions are never regular and 
frequently fluctuates in value to such an extent that the utilities do not know how much they 
would even receive. Therefore, what other incentive could encourage a utility to expand services 
for a rapidly growing urban population where revenue generation is suppressed.                                                                                                                                                   
In effect, the increasing urban demand for water which is noted to be generally unaccompanied 
by both the inability to pay and the unwillingness to pay further exacerbates the poor quality of 
services in the study area, apart from Calabar.  
For ISWC increasing urban demand for water has seen to more water being supplied without 
corresponding revenue as most of the consumers/customers are not metered. Driving this is the 
fact that most of the very few homes currently receiving water from the utility supplies in Owerri 
have residential booster pumps, yet their supplies are not metered. The CRSWB is relatively 
better off as utility customers are adequately metered hence enabling the utility to generate 
sufficient revenue from its limited coverage. However, across the utilities non-state service 
providers or vendors supplies the bulk of the water in each of the cities. The Foster and Briceno-
Garmendia (2010)) estimates their coverage ratio to be 10% for Nigeria but findings from this 
research indicates a greater percentage. At an average of 30% coverage by the public water 
utilities in the study area, the remaining percentage comes from vendors and self-suppliers etc. 
But Non State Providers (NSP) provides untreated and un-reticulated water services. This calls 
for a greater concern and underscores the need for paradigm change because access to safe water 
(which is reasonably guaranteed with utility supplies based on the enormous treatment processes 
involved) leads to a significant improvement in health and well – being. 
Even in Bayelsa, investments and O&M are largely being directly defrayed by the government 
not the utility. The following extract suffices: ‘‘The tendering process is limited to the company, which 
provides the water pumps, overhead tanks, treatment plants and consumables, installation of transformer. After 
the water scheme is built, the Ministry then instructs the Water Board to operate it. One of the constraints of the 
Water Board is that, it is forced to operate a water scheme that it does not know the capacity of the water pumps, 
where they are made, capacity of the tanks, the population it is meant to serve, no maintenance budget etc. As a 
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result, whereas more water schemes are being built in the state, the production of water remains grossly inadequate’’ 
-  Omoweh (2005)   
The same scenario obtains for the ISWC where government directly pays for and purchases 
chemicals and at the RSWB where the water ministry directly does most of the utility capital 
projects. The Foster and Briceno-Garmendia (2010), 54) rationalised this thus: ……‘‘African state-
owned enterprises are characterized by low investment and high operating inefficiency. State-owned enterprises 
account for between 80 per cent (energy) and 40 per cent (water) of total public expenditures (general government 
and nonfinancial enterprises). Despite their large resource base, they invest comparatively little—on average, an 
equivalent of between 15 per cent (energy) and 18 per cent (water) of the government resource envelope. As a result, 
governments are typically required to step in to assume most of the investment responsibilities of state-owned 
enterprises, which are relegated to undertaking daily operation and maintenance. In many cases, investment is 
unaffordable because of the significant under-pricing of services, which barely allows the recovery of operating costs’’.      
When water source gets deteriorated or impaired, cost is incurred to reverse and achieve safety 
for all users. Ironically, both water safety and security are products of cost and this inter-
relationship is not miniscule under climatic uncertainty. This is evident from suggested 
adaptations across the 4 utilities yet one problem commonly cited by all the utilities is limited 
revenue generation. All the 4 utilities including CRSWB (though under a PPP management 
contract) are public institutions. They presently rely on government budgetary allocations or 
subsidies to thrive. However such allocations are generally unpredictable. The failure of these 
utilities to generate their revenue is possibly one primary constraint to achieving resilience.  
6.3.2.7 Vulnerability variable associated with staff glut                                                                      
Protracted reliance on public subsidies or subventions may never encourage or incentivize these 
utilities to ever improve performance since income from customers ‘‘does not really matter’’ and 
the government seems not even ‘bothered’. No regulator even exists to monitor and query what 
goes on. As can be seen in section 2.12, the CRSWB which seems to be relatively well –off is not 
really perfect. The utility is currently encumbered by loans secured by and to be paid back by the 
state government (not the utility). Though the PPP is based on performance contract but varying 
indicators for measuring this is still weighed down by government interferences. For example, 
the CRSWB has a bloated staff size of 290 persons, 70% of staff currently have their salaries 
being paid by the Cross Rivers State Government, not the PPP management partner. The 
implication of this is that without this in-built arrangement, the utility could be worse-off. The 
CRSWB intends to have a break-even after its densification programme of 40,000 new 
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connections but that target may be difficult to achieve with a staff number of 290 out of which 
over half have no particular job description. Currently status of what actually functions at 
CRSWB ltd is restricted only to the PPP partners and their directly recruited staffs. A similar 
situation obtains in RSWB where the staff number is 216 and the ISWC where the staff strength 
is put at 283. According to management staff of the ISWC – 
‘‘The seemingly very high figure for casual staff is because of the state embargo on employment.  To cope with high 
manpower requirement in plumbing, pumping, security, drivers and revenue collectors, the corporation has over the 
years began to engage casual staff in these areas from time to time.  They are usually placed on a pay/wage 
package of not less than grade level 01 to 06 or more as the case may be’’ – A member of ISWC 
Management. 
The preponderance of casual staffs in ISWB means that highly qualified and suitable staffs 
cannot be employed even when the situation demands it. The prevailing situation is similar to 
those of many poorly managed public utilities all over Africa, as the Foster and Briceno-
Garmendia (2010)) report, shows that in Sub-Saharan Africa, such utilities achieve, on average, 
94 connections per employee, compared to developing country benchmarks of 420 connections 
per employee, an overemployment ratio of 600 per cent. Also, similarly, African water utilities 
have overemployment ratios of 24 per cent, respectively, over non-African developing-country 
benchmarks (Foster and Briceno-Garmendia (2010)). These striking results for labour 
inefficiencies according to the Foster and Briceno-Garmendia (2010)) underscore the importance 
of strengthening external governance mechanisms that can impose discipline on the behaviour of 
state owned enterprises. The Foster and Briceno-Garmendia (2010)) further argues that 
overemployment partially explains why in African countries with a publicly owned operator, the 
share of spending allocated to capital spending frequently remains below 25 per cent of total 
spending despite pressing investment needs. The consequence is the utter ability of these utilities 
to effectively manage risks and achieve climate change resilience.  
6.3.2.8 Vulnerability variables associated with land use issues:                                                                                                           
Further to table 4.6c, the various implications of land use issues are shown. However, the 
following have been picked out: ‘‘Residential housing dominates the watershed’’: ISWC(4.63), CRSWB 
(2.38), RSWB(5.00) and BYSWB (3.50); ‘‘Agricultural activities dominate the watershed’’: ISWC(3.63), 
CRSWB (3.25), RSWB (2.25) and BYSWB (2.50); ‘‘Industrial activities dominate the watershed’’: ISWC 
(3.25), CRSWB (2.63), RSWB (3.38) and BYSWB (2.63), and ‘‘the utilities’ water source is vulnerable to 
nutrient loading’’: ISWC (4.63), CRSWB (3.63), RSWB (4.88) and BYSWB (4.88). The implication 
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here is a watershed that is potentially under severe stress. The consequence is that the watersheds 
are no longer forested. See figure 6.15. The sustenance of forests has dual benefit for water 
utilities. First, it affords them the opportunities of Ability to Produce Clean Water (APWC); an 
index used in measuring severe pressure on watersheds (Barnes et al. 2009) and secondly, it 
enables them to contribute to carbon mitigation. Both activities are desired for a green economy. 
Hence, utilities lose these benefits once their watersheds are deforested, and for the 4 utilities, 
their watersheds are already degraded. Despite this situation no on-going collaboration exists 
amongst important stakeholders in the 4 various local watersheds to address the situation. 
 
Figure  6-15: Changes in watershed 
First, IPCC (2007) identifies emissions from deforestation and degradation as a significant (ca. 
18-20%) source of annual greenhouse gas emissions into the atmosphere and therefore the 
conservation; appropriate management and restoration of forests will make significant 
contribution to climate change mitigation. When forests are completely cleared-for instance, to 
make way for agriculture plantations or grazing- up to half the carbon they held may be emitted 
into the atmosphere (Houghton, 2005). On an annual basis, global emissions from deforestation, 
mostly tropical, contribute approximately 20 per cent of the total human induced greenhouse gas 
emissions to the atmosphere, more than that produced by the global transport sector (IPCC, 
2007). Further to these, the cumulative carbon emission from deforestation in Africa from 1950-
2000 were many times those from burning fossil fuel (WRI, 2005). 
Second, forested watersheds reduce storm runoff, stabilize stream banks, shade surface water, 
cycle nutrients, and filter pollutants (Furniss, 2010). When the buffering functions of a watershed 
are lost, high water treatment cost is the consequence. For example, the water utility serving New 
York City, for example, satisfies the needs of more than 10 million people by tapping water from 
the Catskill and Delaware catchments, which are 90 per cent forested (Furniss et al. 2010). 
Consequently, the quality of this water is typically the best in the USA (Brown and Binkley, 1994). 
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This enabled the city to avoid substantial water treatment costs (Germain et al.2007).  In Calabar, 
River Okoi, where CRSWB taps its raw water, is grossly deforested. It originates within the 
tropical rainforest that transcends Nigerian borders via Cross River State into the Republic of 
Cameroun.  
Also, the Owerri metropolis has the bulk of its landmass (90%) under residential and industrial 
activities (Ibe et al. 2001). The area is characterised by a large scale urbanisation and poor land-
use pattern (Ibe et al. 2001). About 70% of the rainforest has been deforested and replaced by 
cultivated crops interspersed with oil palms, raffia, and oil-bean trees. However, between the 
years 2000-2005 Nigeria had the largest rate of deforestation losing over 55.7% of its primary 
forest in just five years (FAO, 2005). Logging, subsistence agriculture and the collection of fuel 
wood are cited as leading causes of forest clearing in Nigeria. A study by the Trust for Public 
Lands and the American Water Works Association reveals that a 10-percent decrease in forest 
cover in a catchment can increase water treatment and chemical costs by as much as 20 per cent 
(Ernst, 2004). Evident here is the threat posed to water quality by a catchment dominated by 
agriculture, industries, and residential housing. The resulting changes in vegetation cover and soil 
characteristics can dramatically increase flooding and mass wasting, with severe impacts to 
downstream infrastructure and aquatic ecosystems (Istanbulluoglu et al. 2004, Miller et al. 2003).  
Respondents recorded across the utilities a category 3+ score on land use change as a watershed 
problem. Forests that once provided high quality runoff in the watershed have long largely 
become developed parcels that can adversely affect runoff pattern and water quality.  
Associated with decreasing groundwater and aquifer recharge are the effects of a degraded or 
deforested watershed. Though based on the recorded scores, this may not be perceived as a huge 
problem based on the high intensity, frequency and duration of the rainfall in the study area, but 
it is necessary to point out that increased water yield from removing forest cover is not 
sustainable over the long term, nor is the increase significant at scales that make a meaningful 
difference in water supply (Ziemer, 1987). Cutting trees for water gains is not sustainable as 
increases in flow rate and volume are typically short-lived, and the practice can ultimately 
degrade water quality and increase vulnerability of flooding as is currently the case in the study 
area.  
6.3.2.9 Vulnerability variable associated with increasing urban demand for water                                                                      
Interestingly, increasing urban water demand achieved a category 3+ impact score: ISWC (4.75); 
CRSWB (4.63); RSWB (4.88) and BYSWB (4.25) as shown in figure 6.16. This is even in the face 
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of very low percentage city coverage as shown in table 2.9. The implication therefore is that the 
failure of these utilities to meet these demands would leave the city residents and other water 
users with limited option than those offered by NSP or self-supplies. The consequence will 
possibly be high rate of abstraction in an environment of unregulated abstractions. According to 
UNEP (2005) the extraction of groundwater represents 50% of all drinking water, but figures 
from the study area show a grimmer scenario. In the study area, the poor performance of these 
utilities, especially limited coverage and intermittent services has led to random ground water 
overexploitation and, with it, increasing costs of supplying water for any use as a result of the 
need to pump water from deeper wells.  
The situation is such that the use of groundwater is 100% in both Port Harcourt and Yenagoa 
(utilities and unconnected residents use it), while 89% and 61% of unconnected residents rely on 
ground water in Owerri and Calabar respectively. Molle and Berkoff (2009) argue that tapping 
groundwater is the easiest solution to supplementing urban need for water because it generally 
relies on individual or corporate investments (as opposed to public ones) and it is spatially spread 
with little need for major infrastructure. However, it penalizes constituencies that often have 
little voice (nature and subsequent generations) (Molle and Berkoff, 2009). Taking groundwater 
at rates faster than nature can return it is often portrayed as a “sin against sustainability” (Llama 
& Martinez-Santos, 2004). For example, the heavy, and generally unregulated usage of 
groundwater in the Niger Delta may lead to over-exploitation and consequently to water quality 
deterioration. Salinity intrusion due to overdraft of coastal aquifers, can render water unfit for 
both domestic and agricultural uses, as has been reported in the study area – Port Harcourt 
(Abam, 2001), Yenagoa (Amadi et al. 1989) and Calabar (Edet and Okereke, 2002); and 
elsewhere, such as Madagascar and Pakistan (Burke and Moench, 2000), Tel Aviv, Israel 
(Swyngedouw et al. 2002), Lima, Peru (Masson, 2002), Manila, Phillipines (Fellizar,2002), Jakarta, 
Indonesia and Dakar, Senegal (Molle and Berkoff, 2009).  
It also leads to subsidence, loss of soil moisture and exposure to heavy metals (Burke and 
Moench, 2000). Also, the absence of effective monitoring and lack of essential scientific 
modelling in the study area constrains knowledge on other critical parameters such as the aquifer 
depletion and recharge rate at cm/year and the possible consequence for society and biodiversity. 
Also, concomitant with aquifer recharge are those derived principally from leaking sewers and 
other waste- water sources. For example, broken sewers in the United States are estimated to 
lose 950million cubic meters of waste water each year (Pedley and Howard, 1997). Much, if not 
most, of this represent polluted recharge to groundwater.  
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Direct leakage of waste water to groundwater in developing countries is probably much higher 
(Burke and Moench, 2000). And for the study area this is a matter of grave concern as 100% of 
the urban population in the study area rely on on-site sanitation systems that are potentially 
prone to leakage. Overall, pollution of shallow aquifers under cities represents a major threat to 
the sustainability of drinking water supplies in many urban areas throughout the world (British 
Geological Survey, 1995; World Bank, 1998; Foster and Chilton, 2003). This threat is particularly 
high where regional hydro-geological conditions permit rapid flow of contaminated water into 
aquifers and the wells tapping them. The threat is particularly high where large portions of the 
urban population dispose of untreated wastes directly through soak-away and latrine pits and 
depend on shallow wells for drinking water supply. The overall consequence is the stress on the 
regional aquifer and the tendency for salt water intrusion into the Benin Formation.  
 
Figure  6-16: Increasing urban demand for water 
Though the study could not find any recent analytical data in this regard, it nonetheless remains 
worrisome that the hitherto absence of any regulation in the face of increasing urban demand for 
water might have exacerbated the situation. On the other hand, though no large scale irrigation 
projects exists in the Niger Delta even as at 1967 (Dmitrevskii, 1967) and present (RAWDP, 
2007 and Kravtsova, 2008) , however, ground water wholly dependent and huge quantity users 
such as the breweries, beverage, manufacturing, construction, oil and gas companies exist in large 
numbers in these cities especially Port Harcourt and Calabar. With a category 3+ impact status: 
CRSWB (4.75), RSWB (4.25) and BYSWB (4.75) in salinity impacts, the risk for higher levels of 
salinity pollution is possible, unless measures are immediately put in place to manage the 
situation. Such measures are critically desired if further salinization spread in addition to other 
allied consequences is to be curbed.  
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One of such consequence is land subsidence attributed to groundwater abstraction. Another 
associated problem with increasing urban demand for water is that at times it goes with the 
unwillingness to pay by some category of users (Ezeji and Smout, 2008). Concomitant with this 
situation is declining urban coverage by utilities as 4 of the utilities studied lack the wherewithal 
both human and financial to keep pace with urban population growth. The Foster and Briceno-
Garmendia (2010)) puts this at 3.6% per year for African utilities. Instead of increasing urban 
population to be an advantage, it has become an unmet challenge. The impact of this type of 
increasing urban demand for water has been cases of illegal connections, wasteful water uses, 
more frequent emptying of utility reservoirs and rampant sprawl of privately owned water kiosks 
etc. It was noted that utilities in Owerri, Yenagoa, Port Harcourt and Calabar barely have 
effective coverage. Their coverage rates are: ISWC (21%), CRSWB (39%), RSWB (10%) and 
BYSWB (30%) respectively in these cities.  
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
         Figure  6-17: Percentage of service coverage in the study area 
 
But with the frequency of extreme weather events, such limited coverage may become fragile as a 
result of the increasing cost of water especially for ‘critical inputs’ such as chemicals and energy 
costs of pumping etc. while the income or revenue available to the utilities has barely remained 
the same. For example, a baseline survey conducted by the Federal Ministry of Agriculture and 
Water Resources in the year 2008 (WSDP, 2010) estimated water demand for Rivers State to be 
326,167.6m3/d (which has a population of 5.17 million), with 50% of this estimate covering Port 
Harcourt. However, utility services, private wells owned by vendors and non-state providers 
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currently dominate the demand market. The result is that water services in Port Harcourt is 
sufficiently exposed to the forces of supply and demand as is traditional with any thriving market 
albeit supplied free of charge by the water utilities. The existing gaps are accordingly dominated 
by Non-State Providers (NSPs). As defined by Water Utilities Partnership for Capacity Building 
(WUP), Africa (2003), Moran and Batley (2004) and Sansom (2006), the Non State Providers 
(NSP) or water sector informal providers exist in two broad groups here:                                                                                                                                             
a)Independent Water Service Providers,  and;                                                                                            
b) Intermediate Water Service Providers.  
Both categories of NSPs exist in Port Harcourt as well as the other three cities of Owerri, 
Calabar and Yenagoa. But, while the former are not connected to the utility pipe network, they 
generally obtain their water from alternative sources such as their own boreholes and then 
distribute through a pipe network, or through carriers or a single supply point. They also often 
compete with the utility; the later consists of private providers or community –based 
organisations, delivering water in utility - unconnected areas. These intermediate providers 
generally obtain water from the utility piped network. Port Harcourt resident’s especially the 
urban poor are presently paying unit rates for water which is 10 to 20 times higher than those 
with access to public water utility services in the city (SUWASA/USAID, 2012). 
Therefore, considering the that water users, despite the high cost of water vendor services, still 
patronises them, it can be argued that a functional and resilient utility, supplying treated water 
may be a welcome gesture as it could easily use its economy of scale to expand coverage. It needs 
to be underscored that a household is defined as having access to improved water source, if it 
has sufficient amount of water for family use, at an affordable price, available to household 
members without being subject to excessive physical effort and time (UNICEF/JMP, 2008). The 
key point is that access to water decreases when quantity, cost and burden of fetching water is 
considered. Further to this, the UNICEF/JMP (2008) notes that when drinking water is not 
available in the home or close to it, the time taken to collect water (that is, to go to the source, 
stand in line, fill water containers and return home) is critical in determining whether a 
household can obtain enough water for drinking, food preparation and personal hygiene. In Port 
Harcourt and other studied cities, this scenario is a daily situation.                                                               
6.3.2.10 Vulnerability variable associated with limited drainage systems:                                                                                                     
As underscored in sub-sections 6.3.1.1 and 6.3.1.2, frequent heavy rainfall in the study area 
results in urban floods. However, responsible for this is the inadequate capacity of drainage 
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systems in the cities. Across the 4 cities, limited runoff capacity of drainage systems was noted as a 
barrier towards managing urban flood events: ISWC (5.00), CRSWB (4.38), RSWB (4.50), and 
BYSWB (5.00) as shown in figure 6.18. The high scores is indicative of the severity of the 
problem this poses. In the rainy season the runoff capacity of the drainage system is insufficient 
thereby causing flooding in densely populated areas across the 4 cities. Limited drainage systems 
are often constrained by the dumping of solid wastes.  
 
Figure  6-18: Limited runoff capacity of drainage systems 
It is noted that the increased levels of flooding risk , comes on top of already serious deficiencies 
in provision for storm drainage. Here, the scale of the risk is much influenced by the quality of 
utility infrastructure and the level of preparation of the population and key emergency rescue and 
recovery services in the study area. Utilities’ rating on: ‘‘improper collection and disposal of 
municipal sewage and solid waste is a barrier to adaptation planning?’’ gave the following scores: 
ISWC (4.38), CRSWB (2.38), RSWB (4.00) and BYSWB (4.50) as shown in figure 6.19. The 
consequence is drainage blockage, which impedes the flow of water hence making the 
environment intolerable during heavy rainfalls as flood hazard results within a few hours. 
However, drainage management is outside the ‘‘official’’ jurisdiction of the water utilities even 
where they pass through their watersheds. But it remains to be seen how this situation would be 
managed in the coming years without resilient thinking.  
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Figure  6-19: Improper collection and disposal of municipal sewage and solid waste 
The authorities in Port Harcourt and Calabar are improving drainage in their cities by 
rehabilitation of the existing canals and constructing new drainage infrastructure as well as the 
removal of illegal buildings, shanties and other items that can hamper free flow of water in all the 
canals in the cities to mitigate the impact of flood hazards, a similar intervention has been 
reported in Lagos, a major coastal city in Nigeria (Guardian, 2012). But it remains to be seen 
how effective such interventions could be especially in improving water quality in the absence of 
resilience thinking. Apparently worse off are the coastal cities of Port Harcourt and Yenagoa 
where probable rises in sea levels is already constraining drainage of storm water. Also, the soil in 
this part of the delta is generally poorly drained (mostly alluvium) and only discharge along the 
coastline hence causing water logging, flooding and pollution.  
6.3.2.11 Vulnerability variable associated with absence of stakeholder engagement                                                                                                                                                                                                                                                              
Ginneken and Kingdom (2008) identifies consumer orientation such as reporting and ‘‘listening ’’ 
to clients, and working to better meet their needs as an important attribute of good performance 
for a utility. Figures 20, 21 and 22 shows utility ratings in these regard:  
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Figure  6-20: Customer relations 
They argue that reaching out to consumers is not benevolence per se. Both authors are of the 
opinion that the challenge is to choose a ‘‘suite’’ of tools to ensure that all service users can 
engage with the utility or at least have their concerns and views heard and responded to, and that 
a well –functioning consumer accountability mechanism should be effective, inclusive, efficient 
and sustainable. A range of questions featured in the questionnaire with the aim of 
understanding these concerns are represented in figures 20, 21 and 22. Annex table 4.6c, it can 
be seen that the 4 utilities generally have low scores in vital areas of social engagement required 
to improve performance. Inter-agency collaboration between the utilities (even when they are 
sharing the same aquifer) and other sister agencies within the state (even when they face the 
same coastal threats and land use challenges) such as the environmental agencies, ministries, 
municipal authorities and other public and private organizations both federal and local is 
generally lacking.  
 
Figure  6-21: Relationship with NSP 
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Figure  6-22: Level of inter-agency networking by the utilities 
Such collaboration is at least required to address the critical needs of watersheds or catchments 
which remain the ultimate source of raw water and landscape of rising vulnerability. It was noted 
that stakeholder engagement can influence people’s behavior and can help utilities to manage 
surface water flooding as well as water quality issues. 
6.4 RQ 2: How do key water utility staffs understand these extreme events?                                                                                                                                       
An understanding of how utility staffs understand the impacts of these extreme events is 
germane for many reasons, foremost of which is to ensure that lack of knowledge does not 
become a reason for inaction. The socio-ecological perspective can provide a template for action 
derived from awareness. Here, the components of the nested hierarchical structure of ecological 
and social-institutional systems are connected through ecological knowledge and understanding, 
which then fit into efficient management practices. An understanding built on this perspective 
offers a greater chance for resilience. For example, (see figure 3.1 and 3.2) within the ecosystem, 
all biological, chemical, and physical matter exists in a complex relationship of interdependence 
(Stoddart, 1965) hence any perturbation e.g. flood or drought prevalent in that ecosystem, also, 
manifests sooner on the social realm. How the utility react to mitigate it is another thing all 
together. Figure 6.23 shows awareness derived from NIMET.  
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Figure  6-23: Awareness of NIMET information in the utilities 
In view of this, a more purposeful response should be a proactive one that considers and defines 
the central roles of the ecosystem (as represented for example by the watershed) and the social 
system (as represented for example by the water utility etc.). Combined, the utilities have and this 
score was rated as: Moderate. A break down per utility is as shown on annex table 4.6b. The 
term ‘‘moderate’’ in this context is indicative of average knowledge i.e. not knowing all that there 
is or that should be known about these impacts in order to improve performance and achieve 
resilience. Also, coupled-socio – ecological perspective insists on knowledge that transits to 
management practices. Hence, if the utility staffs are on average knowledge, what are then the 
knowledge gaps that need to be abridged to enhance management practices?                                                                                                                                                          
Results from the Delphi in particular indicates that the utilities understand that hazards caused 
by climate change or extreme weather events have the tendency to spread and manifest on the  
operational, financial and strategic sides of business. Respondents showed that high intensity 
rainfalls, for example can lead to land erosion and then high turbidity levels, and then high water 
treatment costs as well as customer dissatisfaction etc. The source of knowledge and 
understanding of these impacts by the utilities’ personnel was largely derived from related work 
experience rather than any formal learning or literature. Figure 6.24 shows that these utilities 
often plan without considering the climate.  
For ISWC, the general understanding of these impacts has come primarily through mere physical 
observations and possibly hear-say. Strategic learning via science-based details derived from 
perhaps research, journal articles or attendance of national or international conferences is 
generally lacking. The use of the services of NIMET is limited while climate modelling tools and 
practices are lacking. Though there is a disputation on the adequacy and accuracy of NIMET 
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information, but the extent of rigorous use and reliance on what exist is generally absent. The 
situation was almost the same across the other utilities. The score for CRSWB is indicative the 
lack of a science based knowledge source.  The general understanding of these impacts has come 
primarily through a combination of physical observations and on-the job experiences. Some 
extent of strategic learning via science-based details derived from the services of NIMET is 
available.  
 
Figure  6-24: Strategy for drinking water done unaware of climate change 
For the BYSWB, the source of knowledge is of less formal learning but rather via incident 
analysis/learning. The understanding of these impacts has come through a combination of 
physical observations and use of appropriate tools. Strategic learning via science-based details 
derived from perhaps research, journal articles or attendance of national or international 
conferences is to some limited extent available at BYSWB. There is on-going moderate use and 
reliance on the services of NIMET or other climate modelling tools. The same applies to RSWB 
with a score of (3.81). It was however observed that NIMET disseminates only early warning 
information especially those on the biophysical, as no agency exists to do the same on the bio-
geophysical in the study area. Also, none of the utilities embarks on any operational research. 
6.5  RQ3: What is the extent of utility vulnerability?                                                                                                                                                                                                                 
Vulnerability is the state of susceptibility to harm from exposure to stresses associated with 
environmental and social change and from the absence of capacity to adapt (Adger, 2006). 
Vulnerability in the context of this study is defined as a utility’s inability to withstand adverse 
stress based on limited or constrained capacity to adapt hence creating pathways or medium 
through which utility incurs loss.  This definition is in tandem with Adger (2006) who argues that 
the key parameters of vulnerability are the stress to which a system is exposed, its sensitivity, and 
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its adaptive capacity.  This context definition has been adapted from earlier literature definitions 
(Wisner et al. 2004, Henninger, 1998; Frankenberger et al. 2000, Alwang et al. 2001; Oliver –
Smith, 2003; and Cannon et al. 2003) which had focused on human inability instead. The mean 
scores on vulnerability for the utilities are indicative of rising vulnerability.  The implication of 
this situation as argued in section 6.2 and the ripple effects of the prevailing risks would surely 
undermine resilience building. This is vividly captured by O’Brien et al. (2005) who argues that 
vulnerability is a dynamic phenomenon that is often in a continuous state of flux both within the 
biophysical and social processes, and that it shapes local conditions and that the ability to cope 
needs to be themselves dynamic. 
 It is the dynamism deployed in mapping the vulnerability even at minimal scales in terms of 
prevalent uncertainties, threshold effects and emergence, which defines resilience in this context. 
Also, Wisner et al. (2004) describe unsafe conditions as the specific forms in which vulnerability 
is expressed in time and space. The “Social space of vulnerability” as formalized by Watts and 
Bohle (1993) and as quoted by Singh (2008) underscored exposure, capacity and potentiality as 
its three constituents. For a water supply utility therefore, when conditions of vulnerability are 
identified, addressed and decreased, the capacity to respond and adapt improves and the 
resilience of the system is supported. Therefore as Adger (2006) suggests, the measurement of 
vulnerability must reflect social processes as well as material outcomes within systems that 
appear complicated and with many linkages that are difficult to pin down. The nearest we can 
come to such linkages is through the socio-ecological perspective.  
Coupling of the social-ecological systems supports planning, enhances management and 
increases resilience because it facilitates the identification of vulnerabilities across the entire 
system hence helping to recognise the mechanisms which cause vulnerability in the first place. A 
similar proposition was made by Adger (2006), and it has also been noted that vulnerability is 
manifest at multiple scales (Turner et al. 2003). Utilities seeking to increase their resilience or 
promote policy interventions that promote resilience have to contend with the arduous task of 
understanding the multi-level nature of vulnerability, and this cannot be achieved with limited 
knowledge hence the rationale for the preceding question (RQ2).  
Carpenter et al. (2001) argues that the key elements of socio-ecological resilience are the ability to 
adapt to new circumstance; hence in the context of this study, this needs to be fully based on a 
full assessment of the entire vulnerability within both the social, institutional and ecological 
sphere bearing in mind prevalent uncertainties that exist within the natural sphere. Also, the 
analysis of resilience of public institutions such as the water utilities should emphasize the inter-
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linkage between resource (upstream risks) and enterprise (intermediate risk) as well as the user 
(downstream risks), underscoring that uncertainties prevalent upstream can inflict threshold 
effects at the intermediate levels with a resultant change of service or the emergence of new 
service levels or targets at the downstream.  
This is in tandem with Adger (2006) who argues that risk and perturbation in many ways define 
and constitute the landscape of decision-making for social-ecological systems and that policy 
interventions to reduce vulnerability need to be able to identify vulnerabilities within social-
ecological systems, to recognize the mechanisms, which cause vulnerability in the first place, and 
to redress marginalization as a cause of social vulnerability. And in the context of this study to 
redress factors responsible for vulnerability. Figure 6.25 shows extent of utility vulnerability. The 
extent of utilities’ vulnerability based on the vulnerability scale as assessed with the questionnaire 
had an average score across the utilities of 3.43, which is indicative of rising vulnerability. Also, 
traditional utility problems such as Non- Revenue Water (NRW), low effective service coverage, 
poor revenue generation are still extant within the utilities (as discussed in section 6.3) even in 
the face of emerging climate threats and could possibly lead to maladaptation if not concurrently 
amended.  
 
Figure  6-25: Extent of utility vulnerability 
They therefore accordingly constitute a large part of the vulnerability variables (VV) of the 
utilities. For example, the operations of the pumping station and water treatment plant in Owerri 
suffers from shortage of qualified and trained staff and lack of operating funds. The pumping 
station also suffered from lack of spares. Because of the use of Asbestos –cement pipes and the 
effect of unmeasured chlorine dosages the distribution network of pipes had developed 
widespread leakages.  
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Another vulnerability variable is the extant weak institutional capability prevalent in all the 
utilities, perhaps with the exception of CRSWB (perhaps in commercial and operational areas). 
All the other utilities largely lacked management tools needed to enhance accountability, increase 
productivity and expand quality of service and avoid the need to perennially depend on 
government subventions. For example, as at the time of the study none of the 4 utilities was 
generating adequate revenues to cover its operation and maintenance costs.  
A number of tariff increases had been enforced in both Calabar and Owerri but since the base 
rates were very low, the current tariffs were still unable to cover the long-run marginal cost of 
supply. Across the 4 utilities, State Governments had continued to fund capital investments and 
provide subventions to the utilities to cover the costs of chemicals and electricity hence making 
performance indicators such as working ratio and bill collection efficiency difficult to determine 
other than speculative (see table 2.9). Across the utilities with the exception of CRSWB Ltd the 
rate of Non-Revenue Water (NRW) caused by both commercial losses (or apparent loses) and 
physical loses (or real loses), generally due to unauthorised water use (thefts) and non-use of 
meters and erroneous tariffs; as well as leakages from pipes, joints, fittings and leaking reservoirs 
was enormous. Except CRSWB, none of the other three utilities have leak detection equipment 
or a consumer meter. All the utilities except CRSWB lacked metering at both stages of raw water 
abstraction and supply of water. In the absence of such critical metering, lack of accountability to 
the freshwater ecosystem or sensitivity to where the raw water comes from becomes evident. 
Also, such practice deprives strategic planning data on consumption patterns.  
Most hit is ISWC, RSWB and BYSWB where figures of water demand, sale and billing continued 
to remain incomplete and unreliable.  In addition to vulnerability variables already discussed in 
sections 6.2 and 6.3; annex table 4.6c lists other variable that influence vulnerability in the study 
area. Figure 6.26 shows the total number of staffs working for the utilities. The vulnerabilities 
identified in annex table 4.6c are defined strictly within the vulnerability variables (VV) and that 
the VV are those associated with management failures prevalent in the institutions. Further to 
institutional factors hampering utility resilience are issues identified in tables 2.13 (ISWC); 
2.18(RSWB); 2.22(CRSWB and 2.27(BYSWB).The implication is that of these utilities cannot on 
their own (without any government subvention as is currently the case) sustain their operations. 
They lack the material resources as well the appropriately skilled manpower needed to improve 
performance, adapt to climate change or enhance resilience. Manpower needs in this regard is 
relative to the ratio of staffs per 1000 connections and also the percentage of staffs who are 
graduates or appropriately skilled in critical operation and management areas. 
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Figure  6-26: Total number of staffs in the utilities (full and part time) 
 
 
Figure  6-27: Utility staffs who are graduates 
 
Also the lack of financial resources is relative to the lack of capacity to expand with the 
population and connect more customers. Annex table 4.6a shows that operation and 
maintenance costs (O&M) are high in each of the 4 utilities: ISWC (4.50); CRSWB (4.38); RSWB 
(4.88) and BYSWB (4.00). This combines with inadequate financial resources which is also high 
as: ISWC (4.63); CRSWB (3.25); RSWB (4.00) and BYSWB (4.00).Both retain a category 3 and 
3+ on the impact scale. Overcoming these deficits would require huge infusion of external funds 
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either as grants, loans, equities or even subventions. But then the utilities would need to develop 
a performance improvement plans that are resilience-oriented.   
6.6 RQ 4: What are current utility efforts to address these vulnerabilities?                                     
Primary problems or challenges posed by contaminants such as iron contamination and salinity 
of water sources currently enjoy higher priority to water utilities in the delta than the emerging 
challenges of climate variability such as flooding and unstable annual rainfall. Figure 6.28 
summarises efforts across the utilities. In ISWC, using a scale of 20 indicators to measure current 
utility efforts to address these vulnerabilities only 3 indicators scored above 2.50 in a categorical 
scale that had the highest ranking as 5.0.  
 
Figure  6-28: Current utility effort to address these vulnerabilities 
The average score here is 1.77 over 5.00. This score is indicative of negligible efforts (and largely 
reactive) on the part of the utility to address its vulnerabilities. These 3 indicators are utility 
efforts to reduce NRW, the rationalization of supply allocation, and extension of network 
connections to otherwise wasteful users such as car washers and urban agriculturists etc. For 
RSWB, a score of 1.69 over 5.00 is indicative of negligible efforts on the part of the utility. In a 
total of 20 variables to measure current utility efforts to address these vulnerabilities only 3 
indicators scored above 2.50 in a categorical scale that had the highest ranking being 5.0. These 3 
indicators are utility efforts to improve watershed, increase reservoir storage and the 
rationalization of supply allocation etc.  
The sample mean score of 1.62 recorded for the BYSWB is indicative of negligible utility efforts. 
In a scale of 20 indicators to measure current utility efforts to address these vulnerabilities only 2 
variables had scores of more than 2.50 in a categorical scale that had the highest ranking being 
5.0. These 2 indicators are utility efforts to reduce NRW, and the rationalization of supply 
allocation. Also for the CRSWB, only 5 indicators scored more than 2.50 in a categorical scale 
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that had the highest ranking as 5.0.The mean score here is 2.07 which indicates less adequate  
efforts and these are utility efforts to reduce NRW, the extension of network connections to 
otherwise wasteful users such as car washers and urban agriculturists, inter-agency networking 
and water conservation promotion etc. Based on the foregoing, the research findings showed 
that a majority of the utilities’ attitude to risk management is generally reactive, and that there 
exists no organised system such as a framework for analysing and managing risk. However, 
requisite and appropriate details on mapping upstream vulnerability using early warning or 
monitoring systems in order to design resilient structure or adapt to it is generally lacking. 
6.7 RQ 5: How appropriate are identified approaches?                                                
Here the socio-ecological perspective affords us the opportunity to do this. It links the 
ecological, the social and the institutional realms. It emphasizes the linking of ecological and 
social-institutional systems through ecological knowledge and understanding. It has to be 
stressed that assessing the appropriateness of the approaches so far relied on the results of all the 
primary data collection tools. Result from the questionnaires rated   current utilities’ effort to 
address these vulnerabilities at an overall average score of 1.78 which was rated as being 
negligible or partially inappropriate. On the other hand qualitative analysis of the interviews in 
this regard shows a generally below average score as shown in figure 6.29. 
The Seven ‘‘S’’ model created by Peters et al (undated), introduces an important perspective that 
is instructive in this regards. The model according to Silbiger (2005) provides a structure with 
which to consider a company as a whole, so that the organisation’s problems may be diagnosed 
and a strategy developed and accordingly implemented. The Seven S’s are; Structure, Systems, 
Skills, Style, Staff, Superordinate Goals/Share Values and Strategy. The ‘S’ concept is at the heart 
of the concept deployed for this study as it illustrates the ‘’multiplicity’’ and ‘’Interconnectedness’’ 
of elements that influence an organisation’s ability to change and in this context the 
appropriateness or otherwise of approaches taken to mitigate risks and function efficiently. 
Silbiger (2005) argues that in an ‘’excellent’’ organisation, that each of the S’s complements each 
other and consistently advances the company’s goals. When all of a utility’s S’s move in tandem, 
it can be a formidable competitor. A balance of the S’s gives a utility a superior edge. However, 
of interest in this context are the fundamental elements of organizational culture, procedure and 
technology which are latent within these 7 ‘‘Ss’’.  
But, however one central concern that possibly veils them are the concepts of organizational 
behavior and organizational theory. While organisational behaviour typically concentrate on 
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individual and group behaviours in organisations, analysing motivation, work satisfaction, 
leadership, work-group dynamics, and the attitudes and behaviours of the members of the 
organisation; organisation theory, on the other hand, is based more in sociology (Rainey, 2009). 
It focuses on topics that concern the organisation as a whole, such as organisational 
environments, goals and effectiveness, strategy and decision making, change and innovation, and 
structure and design (Rainey, 2009).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
Based on the analysis of the questionnaire, the appropriateness of all identified approaches had 
an average score of 2.85 and could be categorized as being moderate. The mean scores in each of 
the utilities as assessed with the questionnaire rated as follows, ISWC (2.83), CRSWB (2.20) 
RSWB (3.48) and BYSWB (2.92). The management of risks has neither been procedural nor 
planned across the utilities. For example most of the utilities do not have a water safety plan or a 
performance improvement plan. What obtains is largely on the spot or ad hoc planning, 
primarily because adequate funding is lacking. Major watershed activities are routinely provided 
by other government agencies such as the River Basin Authorities, contractors and residents/ 
water consumers, albeit often in isolation from one another. There is a persisting tunnel vision of 
risk management that is lopsided mostly on new technologies or jumbo infrastructure; ignoring 
in effect, desired utility reform or creative management approaches including priority setting that 
facilitates capacity building and recruitment of appropriately skilled new staffs; desired to 
respond to emerging climate threats and accompanying new technologies; for example the 
institutional arrangement for water supply at public standby pipes in Yenagoa was ad hoc or 
non-existent. How the free water services will be sustained over the coming years is yet to be 
understood, because without a proper responsibility for payment for the cost of water and 
upkeep of the standpipes, sustainability is constrained.  
For example, the BYSWB even had to stop water supplies at some of the existing standpipes 
when they get vandalised or broken by users. The ISWC treatment plant was operating 
unsatisfactorily. The plant’s chlorine dosing system and other supporting systems are due for 
major overhaul but were yet to be accorded priority by the management. It was also noted that 
the quality of water from the treatment plants are rarely rigorously monitored or tested. The 
quality of water suffers seriously, when stocks of treatment chemicals are not replenished in time 
by the State Government. The purchase of chemicals for the plant and reagents for the water-
testing laboratory is the responsibility of the State Government and not the ISWC. The 
arrangement increases lead-time and has often resulted in delayed supplies of these chemicals 
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leading to incomplete treatment or testing of the water supplied. The same applies to CRSWB 
where a similar role is played by the World Bank. 
6.8 RQ 6: What appropriate adaptation measures can be suggested?                                             
Adaptation to climate risk is the process through which people reduce the adverse effects of 
climate on their health and well-being, and take advantage of the opportunities that their climatic 
environment provides (Burton, 1997). The term adaptation means any adjustment, whether 
passive, reactive or anticipatory, that is proposed as a means for ameliorating the anticipated 
adverse consequences associated with climate change (Stakhiv, 1993 as quoted by Smit et al. 
2000). Adaptability refers to the degree to which adjustments are possible in practices, processes, 
or structures of systems to projected or actual changes of climate. Adaptation can be 
spontaneous or planned, and can be carried out in response to or in anticipation of changes in 
conditions (IPCC, 1996). According to Feestra et al. (1998), the absence of adaptation means 
doing nothing to offset adverse impacts. It can mean, for example, that a particular threat has 
been considered together with the costs of potential adaptive response, and that it has been 
considered better to do nothing and take the risk, rather than bear the costs of adaptation (cost-
benefit analyses). 
However, in the water sector, Elliot et al.(2011) argues that adaptation should not be understood 
as simply implementing the correct technology or practice, but rather should be part of a 
coherent, inter-sectoral strategy to ensure sustainable water resources and safe water supply. To 
better understand social-ecological systems, Pearson and Collins (2010) argues that an 
understanding of the resilience of the system, how much the system maintains current 
functioning without changing or crossing a threshold, is informative to the decision making 
process. Both authors contends that the social-ecological system has the capacity to undergo 
change while still maintaining the same functions and feedbacks, or undertake similar water 
decision management approaches. Alternatively, the social-ecological system can transform, 
when a threshold is crossed, to a new regime with distinctly different functionality and different 
water management approaches will be used. The analysis is consistent with the classical human 
ecological literature from Park (1936) onwards which emphasized the interactions of the 
ecosystem with any or all of population, technology, organization and culture.  
The socio-ecological perspective is appropriate in this context. The coupled socio-ecological 
perspective insist on a system continuing its function as if nothing happened after a possible 
perturbation i.e. emergence after a threshold has possibly been crossed. Results from the 
questionnaire analysis suggested appropriate adaptation based on an average score of 2.85. On an 
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individual utility basis the mean scores in each of the utilities is as follows, ISWC (2.83), CRSWB 
(2.20) RSWB (3.48) and BYSWB (2.92). Each of the 4 water utilities have at least one extreme 
event that is peculiar to it in severity e.g. ISWC (Land erosion), CRSWB (Flooding effects on 
backwashing of filters and increases in chemical mixes to deal with prolonged turbidity etc.), 
RSWB (Increasing O & M costs) and BYSWB (Inaccurate climate modelling and planning 
difficulties; and submersion of water supply facilities) See annex table 4.6a. However at ISWC 
Key utility personnel were able to identify a coterie of possible adaptation measures capable of 
mitigating and helping to manage identified problems. They consist of  the hiring and 
recruitment of suitably qualified staff to man strategic vacant or new positions, the use of 
efficient and effective meteorological services, increase in the budgetary allocation to the utility 
by the owners- the Imo State government, development of a climate risk management strategy to 
guide utility operations, increasing the capacity of the water treatment plant, reduction of 
leakages or NRW, capacity building programs for all category of staffs, improving watershed 
through regular monitoring, installing flood barriers, use of information and technological tools 
and software, awareness creation and inter-agency coordination etc.   
At CRSWB what was suggested consists of  hiring and recruiting of suitably qualified staff to 
man strategic vacant or new positions, the use of efficient and effective meteorological services, 
restoration of coastal wetlands, increase in budgetary allocation by owners-the Cross River State 
Government, development of a climate risk management to guide strategy, improving watershed 
via monitoring, installation of flood barriers, improving city planning, increasing capacity of the 
water treatment plant, reduction of water leakages or NRW, capacity building of staff, movement 
of facilities to higher ground, improving inter-agency coordination, updating utility’s IT 
infrastructure, building of additional reservoirs, rationalization of water supplied to households, 
and awareness creation and involvement of utility customers on adaptation programs. However, 
experts at RSWB suggested hiring and recruiting of suitably qualified staff to man strategic 
vacant or new positions, the movement of utility facilities to higher grounds, use of efficient and 
effective meteorological services, restoration of coastal wetlands, capacity building for utility 
staffs, developing a climate risk management strategy to guide utility operations, improving 
watersheds, installing flood barriers, improving city planning, increasing water treatment capacity, 
reduction of water leakages or NRW, improving inter-agency coordination, increase in budgetary 
allocation, updating and improving utility’s IT infrastructure and software etc.  
Also, experts at the BYSWB suggested use of efficient and effective meteorological services, 
restoration of coastal wetlands, increase in budgetary allocation/government subsidy, developing 
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a climate risk management strategy, improving watershed, increasing capacity of the water 
treatment plant, hiring and recruiting suitably qualified staff, installing flood barriers, the 
movement of facilities to higher ground, reduction of leakages or NRW, improve inter-agency 
coordination, capacity building for utility staff, improving city planning, use of IT tools, 
expanding water supply services, increasing reservoir capacity, rationalizing the allocation of 
water .                    
6.9 Discussion of interview findings                                                                                               
Factors such as those relating to organisational theory, make the institutions vulnerable to 
climate risks and deterring organisational resilience were assessed using the interview schedule. 
According to Rainey (2009) organisation theory is based more in sociology as it focuses on topics 
that concern the organisation as a whole, such as organisational environments, goals and 
effectiveness, strategy and decision making, change and innovation, and structure and design. 
Details of the interview process and administration are discussed in section 4.6. Table 6.9 lists 
the analysed interview scores.                                                                                                                       
Table  6.3: Cross – tabulation of the close-ended Interview scores 
 Interview Schedule Number (Q) 
 
Utility 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Score 
 
A 0 2 0 0 5 0 6 5 5 4 5 0 0 0 0 4 6 0 10 52 
 
B 0 4 2 6 7 0 9 5 6 5 2 1 0 3 0 10 7 5 10 82 
 
C 0 1 0 1 0 0 5 10 0 3 10 4 0 0 0 0 0 0 10 44 
 
D 0 0 0 0 0 0 10 3 0 4 4 1 0 0 0 6 5 0 10 43 
 
Utility A: ISWC, B: CRSWB, C: RSWB and D: BYSWB 
Please note that questions (Q) 1 and 2 are open –ended and have been analysed as shown in 
annex 4.5a – f. 
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6.9.1 What core values are needed for risk management                                                                
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure  6-29: Average interview performance chart (%)  
 
The average scores on figure 6.29 indicate extent of the incorporation of core values of risk 
management by the utilities. Core values can be defined as those central values that traditionally 
underpin organisational systems and sub-systems which are aimed at enhancing opportunities for 
the attainment of corporate or business objectives. However, as underscored in section 2.7, 
organisational culture, procedure and technology (C-P-T) as proposed by Holton (1996) is 
critical in risk management and is vital for any organisation that is sincerely committed to 
managing risk. In view of this, this study in addition to results obtained from its quantitative data, 
adds to and assesses a utility’s vulnerability to risks and uncertainties based on gaps in the core 
values of culture, procedure and technology. 
6.9.2 Understanding organisational culture                                                                                        
Culture or style is the aggregate of behaviours, thoughts, and symbols that are conveyed to and 
by people throughout the utility over time (Summeril et al.2010 and Silbiger, 2005). Also,  Silbiger 
(2005) argues that since it is hard to change any organisation’s ingrained culture, it is important 
to bear it in mind when developing a new strategy. Thus, culture could be described as the 
intangible or invisible but important structure upon which planning (strategic or ad hoc) rests. 
The implication is that culture has the capacity to influence the guiding concepts – values and 
aspirations of any organisation as encapsulated in its corporate objectives. Also, Hrudey and 
ISWC 
24% 
CRSWB 
37% 
RSWB 
20% 
BYSWB 
19% 
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Hrudey (2002) argue that the challenge for improving drinking water system safety is to reform a 
pervasive culture of complacency that had been evident among too many key players. ‘‘We must 
replace complacency with a culture of personal responsibility and vigilance’’ (Hrudey and Hrudey, 2002: 3).   
Also, Summerill et al.(2010) lists enabling cultural features as camaraderie; competition; proactive, 
involved leaders; community focus; customer service mentality; transparency; accountability; 
competent workforce; empowerment; appreciation of successes, and a continual improvement 
culture etc. and blocking features as consisting of poor communication; inflexibility; 
complacency; lack of awareness, interest or reward and coercion. A careful look again at table 
5.32 will show that factors that facilitate organisational culture are in sheer scarcity. Table 6.3 lists 
the cross tabulation of interview scores using the interview coded template. Also annex table 4.5 
describes these on utility by utility bases. 
While respondents across the 4 utilities understands and accepts the relevance of both the 
reward system and staff training opportunities as basic motivational factors, they however lament 
that such incentives do not exist in their organisations. For example, reading has the tendency to 
influence culture and prejudices anywhere, but within the 4 utilities this is somewhat suppressed 
as none of the utilities have facilities that entitle staffs to journal subscriptions or access to its 
libraries (many of them do not even have libraries) hence shutting out opportunities to borrow 
and read industry publications and understand or learn how things are done elsewhere [Q1].  
Also, the culture of rigid bureaucracy pervades in the utilities [Q3], rigidity and inflexibility both 
of which creates room for limited participation, poor communication, less questioning, and less 
empowerment of staffs pervades [Q4]. The same applies to absence of functional and decision 
and self-accounting sub-units [Q13]. Another is a culture that is passive to research and its 
output [Q14] and [Q15]. 
In utility ‘D’ a dysfunctional culture of lack of motivation, absence of training opportunities, lack 
of horizontal communication, inflexibility, poor adaptiveness, absence of proactiveness, 
enlightenment and unawareness and paucity of funds [Q1 –Q6] and [Q9], [Q13 –Q17 and Q19]. 
In utility ‘C’ a dysfunctional culture of absence of training opportunities, horizontal 
communication, inflexibility, adaptiveness, proactiveness, poor communication and paucity of 
funds as shown in [Q1 – Q6] and [Q9], [13 –Q17 and Q19].  
In utility ‘B’ a dysfunctional culture of absence of staff training, rigid bureaucracy, inflexibility, 
poor planning, poor adaptiveness as shown in [Q1, Q3, Q11 Q15] etc. In utility ‘A’ a 
dysfunctional culture of absence of training, lack of motivation, lack of participation, inflexibility, 
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empowerment, lack of planning, protracted decision making , absence of adaptiveness, apathy to 
research and paucity of funds as shown in [Q1 – Q4, Q12 – Q15 and Q19]. 
6.9.3 Relevance of Procedure                                                                                                   
Procedure (alternatively referred to as the systems) which could be either formal or informal, by 
which an organisation operates; assessing risks, gathering information, analysing and managing 
risks. Procedures also include systems or processes for resource allocation for assessing, 
gathering, analysing and managing risks.  Procedures need not or may not be too formal. 
Contingencies require that utilities adopt decentralised structures, with few formal rules and 
procedures, to provide flexibility for adapting to the environment (Rainey, 2009; and Thompson, 
1967).  
Procedures relevant to the context consists of risk management frameworks, performance 
improvement plans, business plans, staff reporting lines (organogram) water demand 
management strategies, water treatment and supply strategies and the annual budget etc. In an 
environment of uncertainty, procedures need no longer be rigid or too formal (Rainey, 2009). 
The key point is that these utilities need to adapt to conditions they face by adopting a more 
flexible structure. Organisations that contend with more environmental uncertainty adopts a 
flexible structure, and this still serves as a central theme in organisational theory (Daft, 2010; 
Donaldson, 2001; Scot and Davis, 2006) and management practice (Peters, 1987) as quoted by 
Rainey (2009).  
None of the 4 utilities have a risk management framework or the Water Safety Plan. In Utility ‘A’ 
formal and rigid command and control structures exists. These are evident with scores from: 
Encourage networking and lateral communication amongst its work force?[Q2], De-emphasise 
on superior staff’s making final approvals even in emergency situations?[Q3], Flexible and 
changing work schedules/assignments? [Q4], Operators usually trained to network and take 
critical decisions on certain occasions? [Q10], Use of chemicals and reagents is never a first 
option in managing risk? [Q11], and annual budgets make allocations for risk management?[Q19] 
etc. In Utility ‘B’ the same applies in: encourage networking and lateral communication amongst 
its work force [Q2], De-emphasise on superior staff’s making final approvals even in emergency 
situations?[Q3], and Use of chemicals and reagents is never a first option in managing risk?[Q11]. 
 In Utility ‘C’ the same situation of poor and lack of clear cut procedure exists as is evident with 
scores gained in: encourage networking and lateral communication amongst its work force?[Q2], 
De-emphasise on superior staff’s making final approvals even in emergency situations?[Q3], 
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Flexible and changing work schedules/assignments?[Q4], Changing strategy for implementation 
of drinking water supplies based on awareness of climate issues? [Q5], Operators usually trained 
to network and take critical decisions on certain occasions? [Q10], Have a central unit with 
specialised sub-units working on various types of risks? [Q13], and Annual budgets make 
allocations for risk management? [Q19].  
 In utility ‘D’ a similar situation is in existence as shown in: encourage networking and lateral 
communication amongst its work force?[Q2], De-emphasise on superior staff’s making final 
approvals even in emergency situations?[Q3], Flexible and changing work 
schedules/assignments?[Q4], Changing strategy for implementation of drinking water supplies 
based on awareness of climate issues? [Q5], Operators usually trained to network and take critical 
decisions on certain occasions?[Q10], Have a central unit with specialised sub-units working on 
various types of risks? [Q13] and Annual budgets make allocations for risk management? [Q19].  
6.9.4 Positioning Technology in risk management                                                                                                                           
However a preference for technology at the expense of culture and procedure is evident in 
respondents’ responses to questions such as: ‘‘Proposals on risk management are rarely dominated by 
technology?’’[Q8], ‘‘Use of chemicals and reagents is never a first option in managing risk?’’[Q11]; ‘‘Absence of 
research’’ [Q14] and [Q15] as well as ‘‘Attitude to managing risk is rarely reactive?’’[Q9]. All of these 
questions recorded zero scores. The risk management competency pyramid was subsequently 
designed by the study as shown in figure 6.30:                                                                                                          
 
Figure  6-30: Organisational risk management competence pyramid (Source: Author) 
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6.10 Summary of key findings                                                                                                                                
In view of the foregoing discussions, Tables 6.4; 6.5; and 6.6 summarises the actual findings in 
each of the utilities based on the result from the various research techniques and data collection 
tools. 
Table 6.4: Comparison of evidence of perceptions, performance and strategies of the 4 
water utilities using the SWOT Analysis 
SWOT ISWC CRSWB RSWB BYSWB 
Strength Utility has 1 major water scheme 
and 10 mini schemes. Utility uses 
a mix of surface and 
groundwater sources. 
Managed by a PPP 
management contract thus 
performance-oriented 
management, low NRW of 
20%, 3 major water 
schemes. Utility built an 
ultra-modern water 
treatment plant, newly laid 
water distribution pipes. 
Stakeholder engagements 
especially with NSPs. 
Utility has 1 major and 
11 mini water schemes, 
utility has water 
monitoring well. There is 
a very strong political 
will and government 
support for the water 
sector reforms. The 
Rivers State Government 
has undertaken relevant 
studies vital for reform. 
Utility has one 1 major 
and 10 mini schemes 
Weakness High NRW @ 80%, high staff 
per 1000 connections of 50, 
Working ratio of 1.18, low bill 
collection efficiency of 20%, 
Billing lag time of 180days, low 
effective coverage of 21%, sharp 
practices by staffs, inadequately 
trained manpower, lack of 
essential working tools, lack of 
transparency in procurement 
management, pronounced 
political interference in 
operations, excessive leakages in 
the distribution system etc. 
High staff per 1000 
connection of 20, working 
ratio of 1.12, Billing lag 
time of 60days, low 
effective coverage of 39%,   
High NRW of 85%, 
Staff per 1000 
connection of 229, High 
working ratio of 1.55, 
Bill collection efficiency 
of 0%, Low effective 
coverage of 10%. All 
water sources are 
groundwater dependent. 
lack of transparency in 
procurement 
management, 
pronounced political 
interference in 
operations, excessive 
leakages in the 
distribution system etc. 
NRW is unknown; Staff 
per 1000 connection of 
30, Unknown working 
ratio, bill collection 
efficiency of 0%, Billing 
lag time of 0%, All water 
sources are groundwater 
dependent. lack of 
transparency in 
procurement 
management, pronounced 
political interference in 
operations, excessive 
leakages in the 
distribution system etc. 
Opportun
ity 
A modern city with a population 
of 1.6m people and an estimated 
320,000 households. Economics 
of scale for reticulated treated 
water. Willingness and ability to 
pay for water high. High 
opportunity for return on 
investment 
Sprawling city with a 
population of 1.2m people 
and an estimated 24,000 
households. Economics of 
scale for reticulated treated 
water. Willingness and 
ability to pay for water 
high. High opportunity for 
return on investment 
Sprawling city with a 
population of 2.1m 
people and an estimated 
420,000 households. 
Rivers State has a GDP 
of US$21 billion 
(equivalent of US$3,960 
per capita). Economics 
of scale for reticulated 
treated water. 
Willingness and ability to 
pay for water high. High 
opportunity for return 
on investment 
City with a population of 
0.7m people and an 
estimated 140,000 
households. Economics 
of scale for reticulated 
treated water. 
Threat Service area dominated by NSP 
Degraded watershed 
Unstable power supply 
Acts of vandalism, high incidents 
of erosion, flooding 
Service area dominated by 
NSP 
Degraded watershed 
Unstable power supply 
Acts of vandalism, iron 
contamination of 
groundwater sources, salt 
water intrusion, potentials 
of sea level rise 
Service area dominated 
by NSP 
Degraded watershed 
Unstable power supply 
Acts of vandalism, 
saltwater intrusion 
potentials, potentials of 
sea level rise 
Service area dominated by 
NSP 
Degraded watershed 
Unstable power supply 
Acts of vandalism, Salt 
water intrusion, potentials 
of sea level rise 
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Table 6.5: Comparison of evidence of perceptions, performance and strategies of the 4 
water utilities using resilience principles by Wardekkar et al. (2009) 
Resilience 
Principles 
ISWC CRSWB RSWB BYSWB 
Homeostasis 
(Questionnaire 
and Literature 
review) 
Utility has some flexible 
structures and infrastructure that 
provide a stabilizing feedback 
such as screens and floating 
intakes 
Utility uses screens and 
floating intakes 
Utility uses early 
warning systems 
e.g. monitoring 
wells 
- 
Omnivory 
(Questionnaire 
and Literature 
review) 
Utility has multiple/ different 
approaches to solving a problem 
which can also complement or 
re-enforce each other especially 
when acting in parallel e.g. uses 
multiple treatment stages to treat 
water, uses diversified water 
sources to supply various areas, 
uses  multiple reservoirs or dams 
to store water before 
distributing to different areas;  
and multiple power generation 
sources for electricity supplies 
etc. 
Utility uses multiple 
treatment stage to treat 
water, uses of multiple 
reservoirs to store water 
before  distributing to 
different areas;  and 
uses multiple power 
generation sources for 
electricity supplies etc. 
Utility uses 
diversified water 
sources to supply 
various areas, uses 
of multiple 
reservoirs to store 
water before 
distributing to 
different areas;  
and uses multiple 
power generation 
sources for 
electricity supplies 
etc. 
Utility uses diversified 
water sources to supply 
various areas, uses 
multiple reservoirs to 
store water before 
distributing to different 
areas;  and uses multiple 
power generation 
sources for electricity 
supplies etc. 
High flux 
 
 
 
(Interview) 
This is not applicable here as the 
utility first goes through the 
supervising ministry before 
action/response is made. 
 
This allows for very 
quick responses to 
threats and changes. 
CRSWB is better 
equipped to practice 
high flux because roles 
are well defined 
between public and 
private partners and 
funds are generally 
accessible and this often 
shortens the planning 
time for projects or 
repairs of critical assets. 
This is not 
applicable here as 
the utility first 
goes through the 
supervising 
ministry before 
action/response is 
made. 
 
 
This is not applicable 
here as the utility first 
goes through the 
supervising ministry 
before action/response 
is made. 
 
Flatness 
(Interview  
and Literature 
review) 
Management system is overly 
hierarchical. Because of this, 
decision power and response 
capacity are constrained 
The management 
system is neither top-
heavy nor hierarchical. 
Management 
system is overly 
hierarchical.  
Management system is 
overly hierarchical.  
Buffering 
(Questionnaire 
and Literature 
review) 
The use of indicators or 
infrastructures to monitor 
tolerance rate/levels for extreme 
events e.g. hazards is unknown. 
Apart from commercially-
oriented indicators, none other 
is used. 
Apart from 
commercially-oriented 
indicators, none other is 
used. 
Apart from 
commercially-
oriented 
indicators, none 
other is used. 
Apart from 
commercially-oriented 
indicators, none other is 
used. 
Redundancy 
 
(Questionnaire 
and Literature 
review) 
Involves having multiple 
instances of something available 
such that when one fails, the 
other or others can be used e.g. 
utility has multiple water sources 
and water treatment stages. The  
failure of the first system 
triggers a switch unlike 
OMNIVORY that acts in 
parallel to re-enforce etc. 
The utility uses multiple 
water sources and water 
treatment stages. 
The utility has 
multiple water 
sources and water 
treatment stages. 
The utility has multiple 
water sources and water 
treatment stages. 
Note: Apart from CRSWB most of the infrastructures cited in the table were not in functional order at the time of the research.  
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Table 6.6: Comparison of evidence of perceptions, performance and strategies of the 4 
water utilities using resilience principles by Mallack (1998) 
Resilience 
Principles 
ISWC CRSWB RSWB BYSWB 
Use positive 
reinforcement 
 
(see interview Questions 
1-4) 
The utility does not 
increase the frequency 
and intensity of desired 
behaviours through 
feedback, public 
recognition, reward 
systems and 
encouragement by 
peers. 
The utility does not 
increase the frequency 
and intensity of desired 
behaviours through 
feedback, public 
recognition, reward 
systems and 
encouragement by 
peers. 
The utility does not 
increase the frequency 
and intensity of 
desired behaviours 
through feedback, 
public recognition, 
reward systems and 
encouragement by 
peers. 
The utility does not 
increase the frequency 
and intensity of 
desired behaviours 
through feedback, 
public recognition, 
reward systems and 
encouragement by 
peers. 
Perform positive 
adaptive behaviours 
 
(see interview Questions 
4,5,6 and12) 
Utility personnel are 
not supported to take 
active approach toward 
solving problems in the 
workplace. Taking 
proactive steps to avert 
a crisis as an example 
of a positive adaptive 
response is lacking. 
Utility personnel are 
fairly supported to take 
active approach toward 
solving problems in the 
workplace. Taking 
proactive steps to avert 
a crisis as an example 
of a positive adaptive 
response is present. 
Utility personnel are 
not supported to take 
active approach 
toward solving 
problems in the 
workplace. Taking 
proactive steps to 
avert a crisis as an 
example of a positive 
adaptive response is 
lacking. 
Utility personnel are 
not supported to take 
active approach 
toward solving 
problems in the 
workplace. Taking 
proactive steps to 
avert a crisis as an 
example of a positive 
adaptive response is 
lacking. 
Ensure adequate 
external resources 
 
(see interview Questions 
3,14,17,18 and 20) 
External resources 
adequately encompass 
resources of advice, 
information, finances 
and human resources. 
These are generally 
lacking in the utility. 
Apart from 
information and 
finance, other external 
resources are lacking. 
Apart from the free 
flow of information, 
all other external 
resources are generally 
lacking in the utility. 
Apart from the free 
flow of information, 
all other external 
resources are generally 
lacking in the utility. 
Expand decision 
making boundaries 
(see interview Questions 
5,6,12 and 15) 
Utility does not allow 
their staffs the ability 
and authority to make 
decisions on the spot 
in a variety of 
situations. 
Utility sometimes allow 
their staffs the ability 
and authority to make 
decisions on the spot in 
a variety of situations. 
Utility does not allow 
their staffs the ability 
and authority to make 
decisions on the spot 
in a variety of 
situations. 
Utility does not allow 
their staffs the ability 
and authority to make 
decisions on the spot 
in a variety of 
situations. 
Practice bricolage 
(see interview Questions 
4,5,6,11,18 and 20) 
The utility rarely allow 
its staffs to 
troubleshoot problems 
and implement a 
solution to get things 
going again. 
The utility often allow 
its staffs to 
troubleshoot problems 
and implement a 
solution to get things 
going again. 
The utility rarely allow 
its staffs to 
troubleshoot 
problems and 
implement a solution 
to get things going 
again. 
The utility rarely allow 
its staffs to 
troubleshoot 
problems and 
implement a solution 
to get things going 
again. 
Develop tolerance for 
uncertainty 
(see interview Questions 
3,4,7,8,9,14,15,16,17,18,19
,20 and 21) 
The utility has some 
capacity to make good 
decisions under 
conditions of limited 
information. 
The utility has some 
capacity to make good 
decisions under 
conditions of limited 
information. 
The utility lacks the 
capacity to make good 
decisions under 
conditions of limited 
information. 
The utility lacks the 
capacity to make good 
decisions under 
conditions of limited 
information. 
Provide constructive 
feedback 
(see interview Questions 
2,6,9,10,12,13,15 and16) 
The utility does not 
provide adequate 
opportunity for staffs 
to learn from failure 
The utility does not 
provide adequate 
opportunity for staffs 
to learn from failure 
The utility does not 
provide adequate 
opportunity for staffs 
to learn from failure 
The utility does not 
provide adequate 
opportunity for staffs 
to learn from failure 
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Key findings across the utilities 
1. Climate change (or extreme events) and its associated impacts are real in the study area. 
The study identified and assessed the impact of these extreme events. It was manifest 
from the study that flooding, decreasing surface water quality, increasing rainfall 
intensity, salt water intrusion, land erosion and land inundation were all reported extreme 
events. Three major impacts of these events were the submersion of water supply 
facilities, planning difficulties and the resultant high operation and maintenance costs. 
However, inaccurate climate modeling, inadequate financial resources and low staff 
motivation were identified as exacerbating these impacts. But the impacts differed across 
the utilities.While flooding had the greatest impact in CRSWB, RSWB and BYSWB; land 
erosion had the greatest impact in ISWC.  
 
 
2. The management of risk in the study area is not holistic. At the time of the study, each of 
the utilities was managing risks in dispersed isolation. No concerted effort was being 
made to manage risks in due cognisance of its diffusive nature. The result is exacerbated 
impacts across the streams. For example the study has shown that the water sector lacks 
sufficient indicators for monitoring risks. This is particularly so for catchments and 
downstream areas of utility operatyions as shown in Table 6.1. The Water Safety Plan 
(WSP) merely looks at microbial risks unlike Enterprise Risk Management (ERM) that 
takes a holistic view on risks. The importance of this derives from the fact that the 
combination of the institutional and downstream vulnerabilities makes the 4 utilities 
more susceptible to extreme weather events, which often come as hazards through the 
water source or catchment. 
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3. Across the utilities, there is an undue emphasises on the immediate use of technology 
and infrastructure in managing risks. This tends to take pre-eminence over organisational 
behaviour. Manifest here were the absence of ingredients of values, teamwork and 
culture etc. This consequently disrupts the needed development of organisational theory 
in the companies. The consequencies are the sheer failure /inability of the utilities to set 
targets, generate adequate revenues and improve performance. A critical re-ordering of 
the utilities’s risk management mind-set or template is needed in order to enhance 
organisational resilience. The connection between the three C-P-T values or components 
of risk management can be noticed gradually overtime e.g. the culture of paucity of funds 
may be complemented by an entrenched procedure of annual budgetary allocations 
omitting allocations for risk management, the result would be the potential to ignore 
mitigation steps such as vital training opportunities or even critical technology such as 
automated groundwater monitoring systems etc. Overtime, the poor management of the 
C-P-T components of risk management is capable of thwarting the guiding concepts. 
This is often evident through wrong priorities. Ironically, the hierarchy, culture should 
influence procedure, while procedure determines technology. Evident from the 
discussion and findings shows that the structure and attributes of the utilities i.e. their 
internal and external environments are very important in utility resilience. It is germane 
to note that a critical understanding of both the structure and attributes of these utilities 
will serve as leverage towards setting a resilience agenda. 
 
4. There is sheer absence of inter-agency networking, stakeholder analysis and engagement 
as well as leadership within and amongst the study area utilities. For example in the study 
area, a common regional aquifer –the Benin Formation is used by all the studied utilities 
including all water users along the entire Nigeria coastline (including Lagos city) ,yet no 
interaction (formal or informal) exists between them. Also, three different river basin 
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authorities are situated in the study area – Anambra/Imo River Basin Authority (Owerri 
-Imo State); Cross River Basin Development Authority (Calabar – Cross River State); 
and the Niger River Basin Development Authority (Port Harcourt - Rivers State, and 
Yenagoa, Bayelsa State), but no evidence of any working relationship between them 
exists while the effectiveness of their functionality is not clear. The consequence has 
been a tradition of patchy or total negligence in the management of the watersheds. In 
effect, degraded watersheds of the Niger Delta exacerbate most of the upstream risks. 
This has consequently led to the high operational costs cited by most of the utilities.  
 
5. It was also discovered that limited or constrained capacity to generate adequate revenue 
is responsible for many of the ills that drive vulnerabilities across the utilities. This 
stretches from degraded watersheds, infrastructure to the observed high operation and 
maintenance costs and poorly motivated staffs. The study thinks that access to more 
revenue can help the utilities to retard its vulnerabilities and boost its resilience if 
inefficiencies are plugged. This is because limited revenue is not only a failed ability to 
generate revenue but also a product of financial leakages especially via system 
inefficiencies especially those associated with NRW and high Working Ratios. Annex 
Figure 6.1 shows the rate of perceived need for funding by the utilities. Though none of 
the utilities is absolutely poor as they all have assets and structures that are capable of 
assisting them achieve resilience, they however have components of these assests being 
generally degraded or in a state of disrepair (non-functional). This retards the 
development of both organisational behaviour and theory in the utilities. To really 
achieve resilience these utilities would require more creative financing options to 
overcome low tariff levels and a backlog of infrastructure development and maintenance.  
Anderson (2011) argues that future financial investment for the water and sanitation 
sector will need to be channelled through the public sector and a key challenge for the 
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sector is to find innovative ways to combine public funding with private sector expertise 
(also see OECD, 2009; and PPIAF, 2009).  ‘‘To secure commercial viability of the sector, you need 
to secure finances through the options of taxes, transfers and tariffs. You have to get the mix right. If you 
don't get that correct, then you cannot secure the financial viability of the sector and there is no way that 
you can attract the private sector until you get that right.’’ – Anderson (2011, 9). However, 
Anderson (2011, 9); further notes that …. ‘‘Although lack of financing is a key constraint for the 
water sector, financing is not in any case sufficient to bring about the required reforms. In many cases, the 
sector is so starved of fresh capital injections that any additional financing might bring about a level of 
service improvement. However to ensure long term financial sustainability, whereby these initial 
improvement are not negated by the absence of management reforms, utility operators need more expertise 
in financial planning and asset management’’.  
 
6. It was observed that Early Warning Systems (EWS) such as the use of meteorological 
systems, river gauges and monitoring wells are lacking or where in existence were being  
ill-maintained and poorly used. The consequency is that hazards are not being assessed or 
monitored. For example, one observed monitoring well kept no record of sampling 
rounds. None of the utilities uses a Water Safety Plan (WSP). The non-use of these 
important tools by water utilities based in a disaster-prone River Delta could be 
dangerous. Utilities need not be reactive, but proactive in risk management if enhanced 
resilience is to be achieved.  
 
 
7. Amongst the 4 water utilities, it was observed that the CRSWB has a fair record of 
performance. Many factors amongst others are responsible for this. However, it is noted 
that CRSWB has a PPP management contract. The result is that the utility hasa 
commercial orientation that aims at revenue generation, omnibus rehabilitation and 
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maintenance of assets and the recruitment of well-paid experts. The other utilities lack 
similar features. 
Triangulation of findings 
1. First and foremost, Tables 6.4 -6.6 triangulated resilience using 3 distinct approaches 
which compared evidence of perceptions, performance and strategies of the 4 utilities 
using Resilience Principles. The consistency in the findings within the different tables 
reasonably triangulates the findings from the study.  
2. A thorough review of the tables shows manifest triangulation within them and amongst 
the research tools used. For example based on the responses from the Delphi, a 
conventional questionnaire was designed. But unlike the preceding Delphi which 
identified and ranked the risks, the close-ended questionnaires rated the extent of the 
impact of the identified risks. An obvious triangulation from this process was the 
realisation that all impacts recording a consensus score on the Delphi still retained high 
mean scores and low standard deviation scores from the questionnaire survey. The 
implication was that most of the identified impacts were common within the utilities. 
This was generally the case even where different category of persons participated in the 
two processes. Annex Tables 4.1e, 4.2e and 4.6a shows this.  
3. AlsoTables 6.4 and 6.6 shows how a mix of the questionnaire, interviews and literature 
review supported the research to measure resilience based on a comparison of evidence 
of perceptions, performance and strategies of the 4 utilities using Resilience Principles as 
proposed by both Mallack (1998) and Wardekkar et al. (2009). A similar comparison was 
also carried out in Table 5.32 but with an interview schedule that had different question 
numbers designed to triangulate findings, as later questions triangulates earlier one. Table 
5.32 indicates the interfingering nature of the triangulation used for the interview. 
This chapter concludes with the following recommendations as summarised in Table 6.7: 
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Table 6.7: Summary of what are possibly required to enhance organisational resilience 
across the water utilities 
Risk stream Major climate 
change impact 
Specific adaptation  Generic Adaptation 
(by government) 
Result 
Upstream *Flooding                      
*Pollution                              
*Salinity 
 
*Resource efficiency                          
*Early warning system                         
*Green infrastructure 
*Relocation of facilities 
*Good governance 
 
 
 
 
*Subsidy (where 
applicable)                    
 
 
 
*Grants 
 
 
 
 
*Legislation and 
sector regulation 
 
 
 
*Resilience 
 
 
 
 
 
 
 
 
 
*Green 
economy 
 
Intermediate 
*Epileptic and 
intermittent service                                           
*High operation and 
maintenance costs                  
*Inadequate revenue 
generation                         
*Lack of access to 
finance 
*Organic management structure                      
*Competent and committed 
personnel                                    
*Access to finance                     
*Flexible and adaptive 
technology                    
*Insurance                                  
*Energy efficiency (e.g. reduced 
carbon footprint)                             
 
Downstream 
 
*Environmental 
degradation 
 
 
*Stakeholder engagement 
*Environmental monitoring and 
protection                                     
*Insurance 
                              
 
From Table 6.7 specific adaptations will need to be facilitated by the utility and where necessary, 
in tacit collaboration with other upstream and downstream stakeholders e.g. sister water utilities 
and the river basin authorities etc. and downstream stakeholders. Generic adaptation in Table 6.7 
is proposed as a basic role of government. These adaptations need to move in series or taken 
simultaneously or as part of a more comprehensive strategy for managing climate change and 
enhancing utility resilience and possibly contributing to a green economy. While organisational 
resilience is defined as the adaptive deployment of the organisation’s assets and structures within 
its continua of inter-dependences to improve and sustain performance even in the face of 
repeated perturbations. A green economy is defined as one that results in improved human well-
being and social equity while significantly reducing environmental risks and ecological scarcity 
(UNEP, 2011).  
Further to the findings, it is germane to argue that unlike conventional organisations that focus 
on their success and interpret the absence of disaster as evidence of their competence and 
skilfulness of their managers; resilient organisations will, like High Reliable Organisations (HROs) 
build a strong safety culture, and can be more resilient to failure; as they are pre-occupied with 
preventing failure (Crichton et al.2009), albeit,  in an orderly manner. Orderliness in this regard is 
260 
 
in adherence to Holton (1996) who argues that risk management oversees and ensures the 
integrity of the process upon which risks are taken, and that there are three fundamental 
elements which should comprise any risk management strategy undertaken by any organisation – 
culture, procedure and technology.  
To achieve organisational resilience, water utilities’ would need to develop appropriate strategies. 
A strategy underpinning organisational resilience is desired in a hostile environment. According 
to Covin and Slevin (1989), hostile environments are characterized by precarious industry 
settings, intense competition, harsh, overwhelming business climates, and the relative lack of 
exploitable opportunities. But in our study context, a hostile environment is one of uncertainties 
driven by climate change, climate variability and extreme weather events. Such strategies will 
however need to describe broadly the utilities’ performance orientation or targets. However, the 
success or failure of such targets will largely depend on the utility managers’ deep understanding 
of their firms’ inter-dependencies and their capacity to be creative in attending to each of them. 
This is so because organisational resilience is a function of the overall vulnerability, situation 
awareness and adaptive capacity of an organisation in a complex, dynamic and interdependent 
system (McManus, 2008). Henriques (2007) argues that beyond the quantitative characteristics of 
sustainable operations such as the periodic impacts on the environment, the society and the 
economy; that there are also qualitative characteristics necessary to achieve persistence through 
time; and that foremost among these is a diversity strategy.  
According to Henriques (2007) environmental diversity involves protecting and fostering the 
variety of species on the earth. Companies, especially those which exert significant impacts on 
the earth through mining, extracting or manufacturing, have a particular role to play. While social 
diversity can take many forms, one obvious manifestation is staff diversity, which entails 
ensuring that staffing is not dominated by gender, religion, age or any other single characteristic. 
Other forms of diversity identified by Henrique (2007) are economic diversity and government 
policy. There is also a need for the design of a stakeholder engagement strategy. Major 
stakeholders such as utility customers, civil society, trade unions and watershed users etc. would 
need to be carried along by the utilities. Stakeholders, needs to also influence and shape some of 
the utility’s strategies. Anderson (2011) argues that the failure of a number of Public Private 
Partnerships in the 1990s was attributed to a failure in effective engagement with stakeholders. 
For example, consumer orientation and working to meet customers’ needs has been cited by 
Ginneken and Kingdom (2008) as an important attribute of good performance for a utility. 
However, Bosher and Dainty (2011) have explained that involving multiple stakeholders in 
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strategies to increase the resilience of infrastructure is attractive but extremely problematic to 
operationalise. 
The development of strategy involves both a rational process of planning and the potential for 
emergent learning (Stewart and O’Donnell (2007). Emergent strategies are strategies which are 
not intentionally planned and which can come about from lower levels in an organisation 
(Haberberg and Rieple, 2008), as discussed in Mallack (1998) resilient principles as shown on 
annex Table 2.6. Peripherally, emergent strategies contrast with the core understanding of 
strategy as something thought out in advance by a chief executive and his or her top 
management team, and passed down the organisation for carefully planned implementation, 
otherwise known as intended strategies (Haberberg and Rieple, 2008). However, both are 
complementary to the goals of an organisation, and when put into operation becomes deliberate 
strategies, while those intended or deliberate strategies that do not happen become unrealised 
strategies. Emergent learning, either from adaptive management or emergent strategies is desired 
if utilities’ are to better manage climate variability, over seasons and from year to year. Planned 
effectively, this will bolster not only the resilience of infrastructure and other assets but overall 
organisational resilience vital in strengthening their capacity to adapt to future climate change. 
For example, in ecosystem studies, adaptive management deals with the unpredictable 
interactions between people and ecosystems as they evolve together (Berkes and Folkes, 1998). It 
takes the view that resource management policies can be treated as ‘experiments’ from which 
managers can learn (Holling, 1978; Walters, 1986).  
Organizations and institutions can ‘learn’ as individuals do, and hence adaptive management is 
based on social and institutional learning (Lee, 1993). Adaptive management differs from the 
conventional practice of resource management by emphasizing the importance of feedbacks 
from the environment in shaping policy, followed by further systematic (i.e. non-random 
experimentation to shape subsequent policy, and so on (Berkes and Folkes, 1998). The process is 
iterative; it is feedback and learning-based (Berkes and Folkes, 1998). It is co-evolutionary 
(Norgaard, 1994) in the sense that it involves two-way feedback between management policy and 
the state of the resource (Berkes and Folkes, 1998). Hence, adaptive management is an inductive 
approach, relying on comparative studies that combine ecological theories with observation, and 
with active human interventions in nature, based on an understanding of human response 
processes (Gunderson et al. 1995).  
Thompson et al. (2009) in tandem with the conceptual framework developed for this study, 
defines resilience as the capacity of a forest to withstand (absorb) external pressures and return, 
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over time, to its pre-disturbance state. According to Thompson et al . (2009), when viewed over 
an appropriate time span, a resilient forest ecosystem is able to maintain its ‘identity’ in terms of 
taxonomic composition, structure, ecological functions, and process rates. The capacity of 
forests to resist change, or recover following disturbance, is dependent on biodiversity at 
multiple scales. In effect, maintaining and restoring biodiversity in forests promotes their 
resilience to human-induced pressures and is an essential ‘insurance policy’ and safeguard against 
expected climate change impacts (Thompson et al. 2009). Thompson et al. (2009) argues that 
resilience is also influenced by the size of forest ecosystems (generally, the larger and less 
fragmented, the better), and by the condition and character of the surrounding landscape. It 
further argues that regional impacts of climate change, especially interacting with other land use 
patterns, might be sufficient to overcome the resilience of even large areas of primary forests, 
pushing them into a permanently changed state. If forest ecosystems are pushed past an 
ecological ‘tipping point’, they could be transformed into a different forest type, and, in extreme 
cases, a new non-forest ecosystem state (e.g. from forest to savannah). In most cases, the new 
ecosystem state would be poorer in terms of both biological diversity and delivering ecosystem 
goods and services (Thompson et al. 2009). 
However, just as some animals have important roles in ecosystem processes and organization, 
such as pollination, seed dispersal, and herbivory; so does some utility assets have important 
roles in strategic utility management. While the loss of the ecosystem species has clear negative 
consequences for ecosystem resilience (e.g., Elmqvist et al.2003), so, do the loss or destruction or 
retardation of these utility assets have negative consequences for utility operations and 
organisational resilience. A vivid example of such asset for a utility is access to finance/sufficient 
revenue generation and competent and committed staffs.  
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Figure  6-31: The research framework with key findings 
6.11 Chapter Summary                                                                                                                                           
Discussions in Chapter 6 have shown that hazards do not occur alone but co-occur with 
vulnerable factors which are often prevalent in the impacted organisation and its externals. Thus, 
the hazard potentials of a delta is largely defined by its biophysical features and these features can 
further be made more complex by the delta’s bio-geophysical attributes. The level of awareness 
or understanding, infrastructural development, spatial planning and population density often 
underpins vulnerability. The impacts of these risks has been able to show that most of these 
impacts are possible because of the favourable setting provided to the incoming hazards by the 
vulnerability factors manifest in the utilities. It has been shown that uncertainty; threshold effects 
and emergence are critical components of resilience thinking. The chapter also discussed the 
interview questions based on organisational theory, and illuminated the important components 
of resilient organisations, underscoring organic and flexible organisational structure. 
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7 CHAPTER SEVEN 
CONCLUSION AND IMPLICATIONS 
7.1 Chapter Introduction:                                                                                                              
Increasing the resilience of water utilities in order to improve and bolster services was the focus 
of this study. The study has approached its aim from a ‘‘source – to – tap’’ approach based on the 
conclusion that resilience at one end of the CSE system may be weakened by its absence at 
another end. As discussed in the preceding chapters organisational resilience is achievable when 
issues that promote vulnerability or pathways for risks are exhaustively identified and managed. 
A summary of the preceding chapters is as follows: 
Chapter 1: Provided an introductory background, outlining the justification for the study, aims 
and objectives, methodology adopted, thesis outline and its contribution to sector knowledge.  
Chapter 2: Reviewed and discussed relevant sector literature especially those dealing with risk 
management and highlighted relevant issues from a range of literature which when addressed by 
the utilities could possibly enhance organisational resilience. A detailed description of the study 
area – The Niger Delta was presented alongside some highlights of deltas in other parts of the 
world. Also a review of the state of affairs of the four utilities was done.  
Chapter 3: Introduced the theoretical concept developed for the study –the coupled socio-
ecological perspective. It argued that this theoretical perspective is appropriate for this study 
based on the extant literature and the insights presented in the analyses of the questions asked 
during the research.  
Chapter 4: Presented the research design and methodology used. It described the sampling 
design and techniques adopted in answering the research questions. The technique used was 
identified as the case study methodology which deployed structured questionnaire, semi-
structured interviews, document review and the Delphi to gather appropriate data relevant to 
answering the research questions. These techniques were explained within the context of the 
work done. The Delphi technique process was introduced and described in this chapter in order 
to illustrate how this technique framed the data collection processes. A listing of all the 
secondary- sourced documents was also provided. Appropriate extracts from the documents 
were cited and used where necessary in the chapters that followed.  
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Chapter 5: Introduced the data analysis and the statistical methods used. The computer assisted 
data analysis using SPSS 19V was used for both the Delphi and the questionnaire data gathered. 
However, the limited amount of data collected and the nature of the interview schedule 
necessitated the use of manual analysis for the interviews.  Analysis of the interview data was 
done within the context of the research questions and each of the utilities enjoyed similar 
formats in the analysis of its data. A detailed description of the data analysis process is attached 
in the annex section. 
Chapter 6: Discussed the findings from the data analysis. It used the theoretical perspective - 
the Coupled Socio – Ecological (CSE) perspective in discussions. This has proven useful in 
understanding resilience to risks in the social, institutional and ecological context (Source – to – 
tap). In each case, the theoretical perspective guided discussions on the emerging answers to 
each of the research question as it relates to each of the case studies.  
Chapter 7: States the study conclusions and the possible implications for policy and practice as 
well as further research. Chapter 7 was organised as follows: 
Section 7.2 makes conclusions based on what emerged from the analysis of the research 
questions. 
Section 7.3 describes the contributions made by the study to sector knowledge and literature. 
Section 7.4 highlights the theoretical implications of the study to national policy. 
Section 7.5 underscores the practical relevance of the research findings to sector risk 
management especially local water utilities.  
Section 7.6 acknowledges limitations of the research 
Section 7.7 acknowledges the major assumption made by the study. 
Section 7.8 makes relevant suggestions for further or follows – up research 
7.2 Key points from the analysis of the research questions                                                                                     
In tandem with the traditional research pattern, this study set out with research questions which 
were motivated by the hazards of extreme climate events in the study area. This study notes that 
climate variability contributes to more frequent, severe and unpredictable climate -related 
extreme events such as droughts, tropical cyclones, floods and heat waves (IPCC, 2007). 
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Therefore to assess the implication of climate induced extreme events as a factor in water utilities 
services, it was germane to break down the study into a set of questions in order to unveil the 
full impact of the extreme events. These questions and the corresponding answers are as follows: 
                                                                                                                                                              
Question 1: What is the impact of climate change/extreme weather events on utility operations?                                                                                                        
Climate change induced extreme events poses a category 3 and 3+ risk impacts on the case study  
utilities. These impacts have huge implications for utility operations in terms of cost, time and 
quality. For example, the primary impact of extreme events on ISWC is the continuing 
impairment of water quality. As a surface water dependent utility, the re-occurring flood events 
coupled with land erosion combines with ageing and inadequate infrastructure and inadequate 
financial resources to make water quality management a great challenge for the resource 
constrained ISWC. On the other hand, RSWB suffers from water quality impairment as a result 
of salinity of groundwater sources, iron contamination, flooding and changes in watershed 
vegetation. These also had operation and maintenance (O & M) cost implications.  
The primary impact of extreme events on CRSWB also includes water quality issues. Already the 
CRSWB has abandoned all its ground water sources as a result of intrusive salinity and other 
constraints for surface water sources. It has also gone ahead to construct an automated water 
treatment plant to enable it manage the challenge of using surface water sources. At the BYSWB, 
the primary impact of extreme events on the BYSWB includes water quality impairment as a 
result of flood events and land inundation. Factors exacerbating these are watershed degradation 
and land erosion. Inadequate financial resources or very low investment required to adapt are 
further exacerbated by the ageing and inadequate infrastructure of BYSWB and the other 3 
utilities. The overall consequence across the 4 utilities is huge expenditure on chemicals and 
reagents for water treatment, operators’ overtime and other running costs such as electricity. The 
situation is such that water services are currently no longer provided on a 24/7 basis. Also the 
chances or potential for expanding service coverage of the cities by these utilities seem 
constrained as the utilities are merely struggling to sustain the status quo. 
However, it is noted that no significant differences exist between the utilities located on the 
delta’s coast and the utility located outside the delta’s coast though each utility had at least one 
extreme event peculiar to it. Also, no significant differences exist between the surface water and 
the ground water dependent utilities. The none rejection of the Null Hypothesis indicates that 
the impacts of extreme events on the all the utilities on the average, in the study area had 
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negligible differences in significance. This could possibly be because all the utilities are located 
within a 100km2 from the coast and that the aquifers and the surface waters have a common 
hydrologic continuity.                                           
Question 2: How do key water utility personnel understand these impacts?                                                              
Generally, across the 4 case study utilities, the understanding of key utility staffs of these impacts 
was drawn from their on- the- job –experience or observations. These key personnel were able 
to identify a range of extreme events which disrupt water services or daily operations. Though, 
this understanding is largely unsupported by any scientific underpinning such as scientific 
modelling or use of observer stations etc. they nonetheless are not unaware that these extreme 
events are occurring on a more frequent albeit with high levels of intensity, uncertainty and scale.  
They also understand that flooding inflicts extensive damage to components of the water system; 
that costs associated with operator’s overtime was a serious issue; and that costs associated with 
chemical mixes to manage prolonged turbidity was also a major concern. However, there was no 
evidence of adopted best practices from elsewhere, reliance on any scientific literature; records of 
modelling or observer monitoring activities e.g. water quality sampling of monitoring wells 
recent or over the past years desired to improve the situation. The implication therefore is that 
well informed knowledge or awareness is desired in order to drive efficient adaptation since most 
of the impacts require financial costs that may not be reversed once expended, more so in an 
environment where financial resources is dire.  
Question 3: What is the extent of utility vulnerability?                                                                                        
The extent of vulnerability across the utilities was a product of institutional and environmental 
factors. These factors combines with the existing climate hazards to trigger loses. However, the 
study notes that some utilities are more vulnerable than others based on their extent of exposure, 
based on management laxities amongst others. For example utilities such as BYSWB and RSWB, 
which supplies free water, are more vulnerable in terms of total absence of autonomy and lack of 
resources required to meet some of their daily challenges. Also, current efforts and strategies 
towards managing the situation differ amongst the utilities. It was noted that such disparities also 
underscore individual vulnerability of the utilities. Those doing more are relatively better off than 
those doing little or nothing.  
However, a common vulnerability nexus across the utilities are those associated with degraded 
and deforested watersheds, poor drainage capacity of the cities, lack of skilled manpower, 
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frequency of high intensity rainfall, absence of financial autonomy, poor financial base, absence 
of legislation/regulation of natural resource use, ageing and dilapidated infrastructure, the 
absence of early warning systems as well as the absence of culture and procedure in these utilities 
for managing risks. Also, the study observed that a majority of the case study utilities (ISWC, 
RSWB and BYSWB) have complimentary water sources i.e. beyond the main categorised (GW 
or SW) sources that other lower capacity sources exists. This feature potentially defrays a 
component of each of the utilities’ vulnerability, but only if adequately maintained and saved 
from deterioration and degeneration.  
Question 4:  What are current utility efforts to address these vulnerabilities?                                                                                                                                 
Current utility efforts to address these vulnerabilities are limited in scope. No observed effort 
was noted across the utilities for upstream hazard risk management especially, those related to 
biophysical and bio-geophysical risks. What generally obtains are off- and –on efforts basically at 
the intermediate and in some instances at the downstream levels. The dependency and use of 
early warning systems are lacking across the utilities, same as the absence of watershed 
management plans and use of the Water Safety Plan.  
Also, none of the utilities was exploring any financial mechanism such as those made available by 
the United Nations Framework Convention on Climate Change (UNFCCC) or the Kyoto 
Protocol such as the Clean Development Mechanism (CDM), Adaptation Fund (AF) and the 
Climate Investment Fund (CIF). However, interventions such as the rationalisation of supplies, 
efforts to reduce Non-Revenue Water, build new water treatment plants, develop and maintain 
alternate sources, expand reservoir capacity, introduce consumer meters, fix tariffs and replace 
water distribution pipelines etc. are mostly efforts at the institutional and downstream levels. 
However, on their own, these efforts cannot enhance utility resilience to climate change. The 
absence of an integrated approach within the watersheds, capable of mainstreaming utility inter-
dependences across the upstream-intermediate and downstream continuum is lacking. 
Question 5: How appropriate are identified approaches?                                                                                      
A range of requisite interventions such as infrastructure, finance, training activities etc. were 
suggested by respondents as vital for adaptation. Though these are appropriate, they nonetheless 
need to be set in series (series of adaptation) within a C-P-T framework in order to achieve 
resilience. It is this thinking that necessitated table 6.4, which shows that resilience could be at a 
high financial cost as well as intensive multi-stakeholder process. In such a process every 
stakeholder has a functional role to play if resilience is to be achieved. Also, the utility as the 
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intermediate institution needs to be fully imbued and fortified with a sound culture of – and 
procedure for managing risks, without which all the other efforts may not be enough to improve 
municipal water services. 
Question 6: What appropriate adaptation measures can be suggested?                                                               
Based on the foregoing findings, appropriateness here could be said to be relative. This is 
because it possibly needs to be based on a hierarchy of C-P-T. For example the utility needs to 
hire appropriately skilled personnel, generate adequate revenue, drive appropriate investment, 
service infrastructure, mitigate revenue leakages,  stage relevant trainings, put in place relevant 
incentives to reward excellence, draw up procedures either policy or framework for doing things 
including monitoring and analysing risks prior to action as well as learning from incidents. This 
study has shown that technological adaptation in a utility where organisational culture is lacking 
may end up as a misplaced investment. Also a culture of informed awareness on climate science 
and water management needs to illuminate and ventilate management decisions on resource use 
and carbon efficiency targets as components of overall resilience. 
7.3 Contributions made by the study to sector knowledge and literature                                                                                                        
The study has made the following contributions to sector knowledge and literature:  
1. The study has developed a collaborative approach to threshold and indicator 
development using expert-defined and sector specified metrics as shown in Table 3.2. In 
effect, the study has been able to methodologically delineate water services constraints as 
a combination of vulnerabilities that stretches from source to tap. It shows that upstream 
hazards (natural) can be described as vulnerability conferred on the resource as a 
function of the biophysical and bio-geophysical variables from source (first order 
impact). And that institutional (intermediate) and downstream components are 
vulnerabilities that are caused by social factors such as inept management of the 
institution, land –use issues and stakeholder engagement which undermine water services 
(second order impact). It thus strengthens the resilience literature by highlighting critical 
areas for adaptations and adapts it to the water services sector by using the CSE 
perspective which assessed those vulnerabilities at 3 levels of ecology, social and 
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institution. The analysis of risks based on these 3 attributes can provide vital insights into 
cost, time and quality essentials if scenario design is intended. The study differs from 
extant literature on enterprise risk management within the sector through this highlight. 
 
2. Secondly, it also makes the additional contribution of demonstrating that organisational 
commitment to managing risk including those of climate change could benefit from de-
emphasizing first step deployment of technology at the expense of organizational culture 
and procedure. An organisational pyramid of competence has been developed to 
emphasize this point in order to enhance organisational resilience. 
 
3. Thirdly, the research highlights the range of climate and associated risks that can affect 
major public water utilities in principal cities of the Niger Delta. The information and 
data generated are likely to influence future studies in the area.  
 
4. This study has expanded the urban water service literature by bringing in and adapting a 
biological concept to it. The coupled socio-ecological system (CSE) appraises 
vulnerability of a linked water utility systems based on the cross-cutting influence of its 
interdependencies. Here the functions or endowment of at least one of the system (e.g. 
water source = water utility = water user) is of benefit to the other hence the linkage. It 
may not necessarily be a mutual interaction. To this effect, CSE enables the assessment 
of how these interactions happen and how change of state occurs if impact or 
perturbation is to happen at any point. Impact or perturbation may or may not be exotic 
to the system and often a product of the interaction. However, there are limits to which 
these systems can resist any perturbation, and these are known as thresholds. Beyond the 
threshold the character of the system degrades to assume a new state with possibly new 
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functions which may affect the interaction. Also, the robustness of the system to these 
interactions underscores resilience in this context. 
 
5. The study identifies the hazard potentials of a delta as largely defined by its biophysical 
features and these features can further be made more complex by the delta’s bio-
geophysical attributes. And also, that the levels of climate science knowledge, scale of 
investment, social understanding of risks, extent of infrastructural development, spatial 
planning, population density and urban governance largely constitute vulnerability.  
 
6. The study has also shown that resilience is a multi-stakeholder and integrated process, 
involving the government, other government agencies, other utilities, the river basins, 
water users and the industries within a catchment or watershed. That it is also primarily a 
combination of technological, cultural and managerial interventions set and allowed to 
move in series. However, the study notes that at the base of all these, is finance which is 
critical in enhancing or bolstering it. Innovative financing options from both the 
Adaptation Fund and the Climate Investment Fund (CIF) were suggested as other 
innovative financing options that are now, more than ever before available to utilities. 
7.4 Theoretical implication of the study to national policy                                                          
Apart from the knowledge contributions described, the study findings have underscored some 
relevant conceptual implication based on the perspective used.  
 
1. World Deltas were described by Evans (2012) as fertile dustbins of the continents, thus 
underscoring their susceptibility to natural and anthropogenic influences. In effect, the 
potential for water pollution or scarcity of good quality drinking could be high, hence the 
application of one uniform or standard water quality standard across Nigeria without due 
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sensitivity to the peculiar characteristics of the Niger Delta needs to be reappraised and 
changed. As a Federal Republic with water falling under the concurrent list, there is need 
to allow federating units to draft and set up water quality standards peculiar to their local 
needs and environments. A good example is the United States of America where states 
have unique water quality standards appropriate to each state. A similar approach 
possibly made the World Health Organisation to set ‘‘guidelines’’ and not ‘‘standard’’ for 
member countries. The Federal Government of Nigeria can tow a similar line. 
 
2. The study notes that the disruption of natural coastal processes in the Niger Delta such 
as the continuing loss of wetlands, deforestation, reduction of river runoff/discharge, 
inadequate sediment balance through a range of socio-economic activities e.g. river 
dredging, construction of dams, sand mining and water diversions, agriculture, navigation 
and urbanisation etc. also combine to influence the coastal slope and tidal wave 
characteristics, hence the vulnerability of the study area to rise in sea level and the 
accompanying flood frequency probability via a plurality of storm surges, extreme 
precipitation and runoff events hence possibly affecting the appropriateness of any 
adaptation shortlist. 
 
3. The study notes that the combination and interaction of climatic variables such as 
temperature (21 -33OC), wind regime (monsoon), precipitation (mean annual of 2,400mm 
– 4,000mm) and soil moistures(saturated and water-logged) in the Niger Delta, may 
possibly differentiate extreme weather events in the delta from those of elsewhere deltas. 
Unlike other global deltas, the Niger Delta has no record of violet storms in the category 
of hurricanes.  
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4. The study further notes that utility management in the Niger Delta could be a complex 
and challenging task. Being a multi-risk delta environment where extreme events are 
often intense and frequent. Utility managers in the Niger Delta can become veterans of 
risk by dissipating creative technical competence, watershed/ecosystem awareness, social 
engagement skills and conceptual ability. The latter includes an understanding of how the 
complexities of the upstream and downstream environment impacts on the utility’s 
internal environment and operation. High impact risks are risks that can have a 
significant impact on the operations and viability of an organization, including financial 
performance, reputation and level of regulatory intervention. The diffusive nature of risk 
makes every risk a potential high impact risk and the understanding of these risks is the 
key to a resilient organization. Risk analysis and management in water utilities should aim 
to limit the diffusion of risks across streams in order to achieve resilience. 
7.5 Practical relevance of the research findings to sector risk management 
especially local water utilities in the Niger Delta:  
1. Utilities may need to learn that just as technological interventions needs to be flexible 
that management strategies also need to be adaptive in order to effectively confront 
threats from the internal and external environment. Utility resilience options will 
therefore need to vary depending on climate –related risks to each system, utility 
management goals, legislation, local and national water management strategies and 
finance. 
 
2. Utilities in the Niger delta needs to fully understand that they operate close to the edge 
by virtue of being below sea level and should cultivate a keen awareness of the 
consequences of flooding and saltwater intrusion, and the importance to manage it. This 
also applies primarily to those along the entire Nigerian coastlines and banks of major 
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Rivers especially the Niger and Benue. 
 
3. The study has shown that there is need now, more than ever before for increased 
financial investment and management for water services operations in the study area if 
residents are to be guaranteed of safe and adequate drinking water.This requires the 
mitigation of all revenue leakages, improved revenue generation and access to other 
innovative financial options such as those under the climate change financial marketplace 
within the UNFCCC umbrella. 
7.6 Limitations of the research 
                                                                                                        
1. It is noted that as a pilot study, expert judgement has been used in anticipation of other 
types of approaches, and possibly as an aid in the design of such follow-up studies. 
However, the study acknowledges that these experts may have difficulty estimating the 
consequences of events, such as ocean surge, sea level rise, land subsidence, coastal 
erosion etc. and may not be able to provide accurate estimates that are sufficient for 
decision making. 
 
2. The study is further limited by its sole focus on impact/adaptation issues, even when it 
recognises that resilience also includes decreased growth in greenhouse gas (GHG) 
emissions. But stabilizing the GHG concentrations in the atmosphere at a level that 
prevents catastrophic climate change will require a 50% reduction of the GHG emissions 
by 2050 from 1990 levels (UNDP, 2011). The implication is that even if the world 
succeeds in limiting and the reducing GHG emissions, our planet will take time to 
recover from the GHG emissions already in the atmosphere. Thus we will be faced with 
the impact of climate change for at least the next 50 years (UNDP, 2011). The omission 
has therefore not been unintended in view of this consideration, and those of time and 
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fund constraint available to the study. 
 
3. The study was further constrained by the sheer absence of data and difficulty of 
obtaining appropriate documents and literature from the utilities. This impacted on the 
study hence limiting its scope and coverage. 
7.7 Major Assumption                                                                                                                       
The study has arrived at its conclusions based on an assumed scenario of global warming that is 
generally below a 2oC increase (above pre-industrial climate) as is currently the case.  
7.8 Suggestions for follows – up research                                                                                    
This study has thrown up more possibilities for organisational resilience against climate change 
impacts. In view of these:   
 
1. Any follow up studies can benefit this study in particular and the study area in general, by 
possibly embarking on a simulation –oriented research. The result of such a study in 
combination with this pilot work will possibly serve as a robust tool for policy analysis. 
 
2. Further studies could possibly be needed to establish in more specific terms, the 
relationship between resilience and utility assets i.e. the capacity utility assets confers on it 
in order to sustain its services. Assets in this regards consists amongst others on 
equipment and machinery, human capital, managerial competence, core values of 
organisational culture and procedure as well as working capital, water source, catchment, 
customers and other stakeholders.  
 
3. Future vulnerability studies may need to further explore the relationship between the 
vulnerability variables (VV) and the Hazard Variables (HV) in order to fully analyse the 
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risk index even in the face of expanding uncertainty and the exigency of adaptation or 
the desired increase in resilience. 
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ANNEX 1B: Achieving ecosystem resilience and drinking water safety using the coupled 
socio-ecological system approach 
Abstract submitted to the University of North Carolina, Chapel Hill, USA Conference;  29 
October – 2 November 2012 
The Water Safety Plan (WSP) is a typical example of a risk management tool deployed to achieve 
drinking water safety. The World Health Organisation guideline for drinking water quality 
recognises WSP as a major component of the management of water quality and safety as it 
encompasses all steps in water supply from catchment to consumer. The WSP principle includes 
prevention of contamination of water sources, treatment of water to reduce or mitigate 
contamination and to prevent re-contamination during storage, distribution and handling of 
drinking water. Buffering the WSP is the WSP risk matrix developed for each point of re-
contamination or each hazard event. However, to effectively apply the water safety plan, water 
service utilities needs to understand the 3 main stages of WSP which consists of the 
development system assessment, operational monitoring and management and communication. 
An understanding of these 3 stages underpins the extant challenge facing utilities especially those 
in southern Nigeria towards managing risks and vulnerabilities that currently prevail with variable 
climate. Beyond the competence to operate the WSP is the need for a risk matrix that covers a 
much broad spectrum of risks well beyond health-based or microbial contamination safety 
enunciated by the WSP. For example, the WSP is basically limited by it microbial contamination 
based focus. It is basically clueless on challenges of drought, utility institutional issues and other 
water quantity constraints associated with climate change.  The need for a new multiple-barrier 
and multi-effect tool or framework superior to, but largely complementary to the WSP principle 
is desired. This is so because climate variability risks are huge and often of greater consequence 
as beyond exacerbating microbial risks also undermine source sustainability as well as 
overstretching quality management competence. Such risks consist of system breakdown and 
rising operation and maintenance costs etc. For example, rising cost over the last 5- 10 years has 
been noted for water production materials classified as critical inputs. Critical Inputs in water 
production is defined as items used on the line to produce and pump water, and without which it 
would be impossible to produce safe and adequate water. These items consists of chemicals 
(Alum, Lime, and Chlorine), diesel fuel and lubricants, electric power from either public supply 
or diesel powered generators etc. as well as essential equipment maintenance spare parts etc. This 
paper therefore shares results of a recent study that assesses impacts of variable climate and 
associated issues, using a coupled socio-ecological system approach applied for the coastal 
utilities in Calabar, Port Harcourt and Yenagoa in southern Nigeria. The result shows how utility 
system resilience is achieved by the integral analysis of the social and ecological extremes;  
arguing that vulnerability and risk assessment for ecosystem resilience or protection and water 
safety are better guaranteed and enhanced with this approach as it clearly espouses the vital 
linkages between social, ecological and the managing institution or exploiting technology 
connecting risks etc. to the extent of their origination and diffusion ability within these spheres 
in order to enhance a coastal water utilities’ capacity to cope with and manage safety holistically 
in addition to fostering  greater resiliency to extreme hydrologic events within the watershed. 
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ANNEX 1C: Abstract, IRF, Australia Conference 2012 
Theme: River pressures: pathways to sustainability 
Increasing the resilience of Nigeria’s urban Rivers to climate and demographic pressures                                                                                                             
Impacts of urbanisation on local urban rivers intensified in the past 50 years because of 
modifications such as dams and water diversion structures, which have become ubiquitous 
across the country as almost every urban river has a dam that facilitates diversion of its waters 
for public treatment and use. The consequence has been situations of excessive abstraction with 
limited recharge and quality concerns. In Nigeria, no water quality Act currently exists, and no 
related definitions are traceable even in the national water quality standard that is yet to take 
effect. Issues affecting rivers, lakes and groundwater are yet to be properly put into central 
perspective. Nigeria’s Water Resources Decree No.101 of 1993 is generally out of tune with 
emerging challenges, yet the desired reform of the sector is still not a priority. To achieve 
progress and reverse the ugly trend in the face of variable climate, this paper based on a study in 
urban Niger Delta rivers shares its findings and argues for a more purposeful proactive response, 
that defines the central roles of the ecosystem (as represented for example by the watershed) and 
the social system (as represented for example by the institutions) using the coupled social-
ecological based management as a tool. Such coupling is desired for identifying vulnerabilities 
and monitoring resilience vital in achieving sustainability. 
Key words: Socio-ecological, Water, Nigeria, Rivers, Act 
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ANNEX 1D: Impacts of the West African Monsoon system induced extreme events on 
urban water supplies in coastal Nigeria 
Abstract submitted to the African Monsoon Multidisciplinary Analyses (AMMA) 4th 
International Conference, Toulouse, France 2nd – 6th July, 2012  
The resilience of water services in coastal cities of southern Nigeria requires a better 
understanding of risks and their vulnerabilities, such as those induced by the West African 
Monsoon (WAM) system. Across these cities the annual rainfall exceeds 300 millimetres, most of 
which comes in the wet season from May to October, and concomitant with it are huge flood, 
land inundation and erosion events etc. The high rainfall and river discharge during the rainy 
season combined with the low, flat terrain and poorly drained soils, cause widespread flooding 
and erosion. When the flood waters recede, the channels that spread out across the delta leave 
swamps and pools that drain poorly. A dynamic equilibrium between flooding, erosion, turbidity 
and sediment deposition has been noted as the defining characteristic of the area. Impacts of 
these events have been most severe on water quality and water services’ utility infrastructure 
safety etc. Currently, city water utilities in the area are recording unprecedented high operation 
and maintenance costs in order to maintain minimum national water quality standard etc. For 
example, rising cost over the last 5- 10 years has been noted for water production materials 
classified as critical inputs. Critical Inputs in water production is defined as items used on the line 
to produce and pump water, and without which it would be impossible to produce safe and 
adequate water. These items consists of chemicals (Alum, Lime, and Chlorine), diesel fuel and 
lubricants, electric power from either public supply or diesel powered generators etc. as well as 
essential equipment maintenance spare parts etc. Coupled to this are other costs linked to 
associated managerial, social and economic issues that threaten efficient service delivery. 
Examples of some of these co-occurring social and economic stresses are expanding city 
population, unequal access to resources, inadequate access to sanitation, poor health systems etc. 
which increases the vulnerability of many people. This paper therefore assesses these impacts 
and associated issues using a coupled socio-ecological approach applied for the coastal utilities in 
Calabar, Port Harcourt and Yenagoa etc. arguing that vulnerability and risk assessment needs to 
be understood within their realms of origination and diffusion ability in order to enhance a 
coastal water utilities’ capacity to cope with these challenges, and foster greater resiliency to 
extreme hydrologic events. 
Key words: Delta, Coastal, Nigeria, City, Water, Services 
 
 
 
 
 
319 
 
ANNEX 1E: Water resources in changing environments  
 Climate change, demographic change and other drivers  
Managing the impacts of growing cities under climate change in the Niger Delta, Nigeria                                                                                                                                                                                                                       
In Nigeria, as elsewhere, there is need to re-orientate  water resource development needs under the rubric of 
ecologically sustainable water management, which  has been defined as “protecting  the ecological integrity of 
affected ecosystems while meeting inter-generational human needs for water and sustaining the full array of 
other products and services provided by natural freshwater ecosystems” (Richter et al.2003). A first principle 
of ecologically sustainable water management is the need to provide freshwater ecosystems with the flows 
necessary to sustain their health. This includes both assessing those needs scientifically and implementing 
water policies and laws that protect adequate water flows for these ecosystems. Water planning needs to set 
limits on human alterations to river flows in many river basins in order to protect ecosystem water allocations 
(Postel and Richter 2003). Such an approach is embodied in the precedent – setting South Africa National 
Water Act of 1998. The Act states that “the quantity, quality and reliability of water required to maintain the 
ecological functions on which human depend shall be reserved so that the human use of water does not 
individually or cumulatively compromise the long term sustainability of aquatic and associated ecosystems” 
Withdrawals for public water supply for example in the United States increased steadily from 1980 to 2000 at 
about the same rate as population growth, even as water withdrawals in the irrigation and industrial sectors 
levelled off (Huston et al. 2004). Worldwide, the percentage of the population living in cities is projected to 
grow from 47% to 60% by 2030 (UN 2003) while those living in delta are one-fifth of the world’s population. 
The development of water resources to satisfy urban water needs has had serious impacts on river and 
wetland ecosystems all over the world. Human impacts on fresh water ecosystems intensified in the past 
century because of modifications such as dams and water diversion structures, which have become ubiquitous 
around the world (Ravenga et al.  2000). Water development in the Niger Delta region of Nigeria in particular 
has been typical of the 20th century water development paradigm, which has focused on construction of 
physical infrastructure such as dams and aqueducts, reliance on unsustainable use of groundwater resources, 
and included little attention to ecological values. Current trends indicate that urban water demand is likely to 
place increasing pressure on available water supplies in the future.   The Niger delta have an average rainfall 
range of about 2000mm per annum. Such high precipitation rates may increase with climate change. This may 
increase groundwater recharge at a faster rate as well as diluting salt contents in water and soils; but this may 
come with the high cost of decreased efficiency of natural purification processes, increasing risks of infectious 
disease and exposure to toxic chemicals (WHO and DFID, 2009). Also the growth of urban areas brings 
significant changes in physical properties of land surface and this includes increased area of paved surfaces 
which limits the permeability of soil and infiltration hence accelerating surface runoff hence making these 
most urban areas more vulnerable to flooding. This paper accordingly discusses and underscores that findings 
associated with urban hydrological studies is often based on collection of urban hydrological data, calculations, 
and that modelling constitute a necessary fundamental for meaningful water management not only in urban 
areas but also in entire river basins. Citing work in the region, the paper regrets that sheer scarcity of data to 
facilitate such studies in the region. However, the manages to extensively draw  from the study findings to 
build  a challenging  scenario of  urban water management in the cities of Port Harcourt, Owerri, Yenagoa and 
Calabar in the area. It stresses the benefits of developing new technical solutions as well as logistic and 
organisational methods in order to turn present problem to future opportunities. This has been underpinned 
by the understanding that the performance of technical solutions used in the design of water related 
structures in a cities depend on climate as well as on social, economical and cultural conditions.                                                                                                                                                                                                                                 
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ANNEX 1F: Abstract for Stockholm water week 2010                                                                                                           
Adopting a coupled social-ecological approach to manage groundwater in a multiple risk delta 
environment                                                                                                                                                                        
Key words: Groundwater, Nigeria, Pollution, Delta, Ecosystem 
Abstract:                                                                                                                                                                              
The ubiquitous presence of water kiosks and vendors in major cities of Nigeria particularly those in the Niger Delta 
area does not only connote the commercialization of urban water supplies but also the sheer atrophy of municipal 
water utilities and failure of groundwater management in Nigeria. Already, public health concerns associated with 
impacts of industrial pollution, high population density and poorly managed on-site sanitation systems etc on 
drinking water supplies is still a major problem not only in the remote oil producing communities but also the major 
cities of the Niger Delta. Being a low lying delta area with poorly developed urban infrastructure, incidents of 
flooding and erosion has combined to provide a steady pathway for agricultural, industrial and domestic wastes to 
reach water sources. Despite these problems, random and unregulated development and exploitation of 
groundwater resources continues, a case of the tragedy of the commons. Coupled to these are cases of salt water 
intrusion which has been reported in various parts of the region.  In most cases supplies from these sprawling 
privately owned water wells have become grossly commercialized and profit oriented. The result is that the water 
needs of households now compete with the needs of industries, agriculture and many other micro-enterprises as well 
as the energy sector. The extant situation mirrors the role the informal sector activities play in the economy of the 
region. The State Water Agencies (SWA), or water boards in the region, just as in other parts of Nigeria were set up 
to provide clean water supply. Each SWA has, in general, been established under an edict to develop and manage 
water supply facilities within its respective state and to meet sound financial objectives. But this is no longer the case 
as most of these utilities have long gone comatose. The alternative and most common way to meet growing urban 
needs therefore has been to exploit/overexploit groundwater resources. In parts of the Delta, tapping groundwater 
is the easiest solution because aside being “cheap” compared to other parts of the country, it generally relies on 
individual or corporate investments, and it is spatially spread with little need for major infrastructure. In tandem 
with the Nigerian National Water and Sanitation Policy (2000) and the National Water Resources Bill (2007), the 
Water Investment Mobilization and Applications Guidelines (WIMAG) and the model State Water Supply Services 
Regulatory Law (WSSRL) insist that each state of the federation with a State Water Agency (SWA) must establish a 
regulatory commission that is empowered to issue licenses for the provision of water supply services by both 
government and private sector entities; define minimum service requirement; set tariffs; define rights and obligations 
of the water service providers; and define performance standards. But these laws though enacted are currently not 
being enforced. The consequence therefore is the problem of sustainability. It is widely agreed that any conception 
of sustainability must account for the interconnections of environmental, economic, and social factors; consider 
both the local and global resource base; and be attentive to the long term needs of future generations. It becomes 
pertinent to underscore that the environment refers to the natural systems that provide the background or 
surrounding for human activity; and that environmental systems encompass a broad range of geophysical and 
ecological systems. Therefore as human pressure on limited and vulnerable groundwater resources increases in the 
region, efforts to manage this vital resource in a sustainable manner must be integrated into the broader and 
interlinked contexts of economic and social development of the environment. While the concept of Integrated 
Water Resources Management (IWRM) has been branded as an official tool in addressing the extant supply 
problems, these seems not to be truly so. IWRM which has often been defined as a process promotes the 
coordinated development and management of water, land and related resources in order to maximize the resultant 
economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystem. 
IWRM is also based on the perception of water as an integral part of the ecosystem, a natural resource and a social 
and economic good; however priority has to be given to the satisfaction of basic needs and the safeguarding of the 
groundwater ecosystems. But in achieving this and much more there is need for adaptive management of water 
resources in the vulnerable delta because adaptive management deals with the unpredictable interactions between 
people and ecosystems as they evolve together. It takes the view that water resource management policies can be 
treated as ‘experiments’ from which water managers can learn.  
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ANNEX 1G: Conference Invitation, Columbia University, USA 
 
 
 
 
 
324 
 
Annex 1H: Appointment letter from Brown University, USA 
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Annex 1I: Fellowship 2010 World Water Week in Stockholm 
Inbox> Ingrid Stangberg <ingrid.stangberg@siwi.org>  
6/10/10 to me  
Dear Mr. Ezeji,                                                                                                                                                                          
I am pleased to inform you that SIWI have decided to grant you sponsorship for 
participating in the 2010 World Water Week. The financial support covers: 
Registration fee, Lunches, Travel in economy class, Accommodation for max 7 
nights and some social events. The official invitation letter, with guidelines how to 
register as an invited participant and more detailed specifications on what is 
covered by the organizers, will be sent to you soon.  
Best regards, 
Ingrid Stangberg 
Ms. Ingrid Stangberg                                                                                                                                                         
World Water Week Project Assistant                                                                                                                   
Stockholm International Water Institute,                                                                                                 
SIWIDrottninggatan 33 SE-111 51                                                                                                                          
STOCKHOLM SWEDEN                                                                                                                                                         
Phone: +46 8 522 139 60                                                                                                                                                      
Fax: +46 8 522 139 61                                                                                                                  
ingrid.stangberg@siwi.org                                                                                                                             
www.siwi.org                                                                                                                        
www.worldwaterweek.org 
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ANNEX 1J: Fellowship, IRS, Australia
 
 
 
 
 
328 
 
Annex table 2.1: Population of the Niger Delta States 
 
State 
 
Land Area 
Km2 
Population estimate                
(both sexes) 
Population estimate                                                                                      
(both sexes disaggregated) 
1991 2006 1991 2006 
Male Female Male Female 
Abia 4,877 2,333,567 2,845,380 1,123,754 1,210,013 1,430,298 1,415,082 
Akwa Ibom 6,806 2,409,613 3,178,950 1,167,829 1,241,784 1,983,202 1,918,849 
Bayelsa 11,007 1,121,693 1,704,515 584,117 537,576 874,083 830,432 
Cross River 21,930 1,911,295 2,892,988 956,136 955,159 1,471,967 1,421,021 
Delta 17,163 2,590,491 4,112,445 1,271,932 1,318,569 2,069,309 2,043,136 
Edo 19,698 2,172,005 3,233,366 1,085,156 1,086,849 1,633,946 1,599,420 
Imo 5,165 2,485,636 3,927,563 1,166,448 1,319,187 1,976,471 1,951,092 
Ondo 15,086 2,249,548 3,460,877 1,121,898 1,127,650 1,745,057 1,715,820 
Rivers 10,378 3,187,864 5,198,716 1,532,423 1,532,423 2,673,026 2,525,690 
Source: Adapted from Nigeria Population Commission (NPC, 2009) and 1991 figures from CPED as quoted by UNDP (2006) 
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Annex table 2.2: Brief profile of disasters of the 20th Century 
Country Type of disaster Early 
Warning 
System 
Used? 
Estimated impacts (including water 
systems) 
Follow up adaptations to enhance 
resilience 
 
Galveston, Texas, 
USA, 1900 
 
 
Hurricane on the 
Gulf of Mexico 
 
 
YES 
10,000 persons died. Water sources 
polluted. Nowhere in the city did the 
elevation of the land exceed nine feet; in 
many areas, the terrain rose barely five 
feet above mean high tide.  
A three mile-long protective sea wall 
was built after the disaster along the 
Gulf shore in 1904. Later it was 
extended by 10 miles. The city was 
also raised as much as 17 feet in 
some places by pumping millions of 
cubic yards of sand fill over a 500 
block area. Some 2,156 structures 
including the 3,000 ton St. Patrick’s 
Church was jacked up. 
 
The Mississippi 
Delta, USA, 1927  
 
 
Flooding of the 
Mississippi River 
 
 
YES 
16.5 million acres of land in seven states 
were drowned. 250 persons died, 162,000 
homes were flooded and another 41,000 
buildings were destroyed. 2.5million acres 
of cotton land were swamped. Lack of 
clean drinking water. 
On May 15, 1928, USA Congress 
voted US$325 million for the 
building of reservoirs, dams and 
spillways to augment and strengthen 
the existing levee system. 
 
New England, 
USA, 1938 
 
Hurricane of the 
Atlantic 
 
 
No 
600 people died, about 250 of them in 
Rhode Island alone. More than 4,500 
homes were destroyed and another 15,000 
damaged; 60,000 people were left 
homeless. Water mains were destroyed. 
 Insurance and Federal grants 
 
Hawaiian Islands, 
USA, 1946 
 
 
North Pacific 
Tsunami 
 
 
No 
159 human lives were destroyed and 
1,400 homes were destroyed. Highways 
and railroads were wrecked including 
water mains.  
A Tsunami warning system was set 
up, consisting of 5 seismic stations 
around the Pacific rim and an ocean 
wide network of tide gauges all under 
the direction of the international 
Pacific Tsunami Warning Center at 
Honolulu. Thanks to a timely alarm 
from the centre, a powerful tsunami 
in 1957 killed no one in Hawaii. The 
system, however, is no guarantee 
against disaster. In May 1960 
Hawaiians failed to heed warnings of 
a tsunami associated with the great 
Chilean earthquake then occurring; as 
a result, 61 people died. 
 
Holland, 1953 
 
Dutch Delta as the 
North Sea 
overflowed 
 
 
Yes The flood killed a total of 1,850 people 
and forced the evacuation of 72,000. 
More than 47,000 houses were damaged 
or destroyed. In this region of intensive 
agriculture, the fact that some 800,000 
acres of farmland had been submerged 
for days in saltwater would have serious 
long-term economic consequences, as 
would the loss of more than a quarter of a 
million livestock and poultry. 
Three weeks after the storm, the 
Dutch government appointed a 
commission to investigate ways to 
keep the North Sea out of the south-
western delta once and for all.  It 
opted to construct a network of 
barrier dams that would seal off most 
of the delta’s large inlets, thereby 
reducing Holland’s exposed coastline 
by more than 400 miles. 
 
Nagoya, Aichi 
prefecture, Japan, 
1959 
 
Super Typhoon 
 
 
 
YES 
Scarcity of food and clean drinking water. 
Widespread dysentery. 5000 persons died 
and hundreds of others disappeared and 
were never fond. 4000 homes destroyed. 
However, some residents based on the 
early warning systems filled containers 
with drinking water. Levels of well water 
jumped abruptly. 
Japanese government set about 
rebuilding the city. 
East Pakistan, 
1970 
Cyclone @ the 
Bengal Delta  
No 500,000 persons died. Water scarcity 
Mains had snapped in urban areas and 
village springs had turned foul from 
Ocean salt and rotting carcasses. 
Epidemics of typhoid and cholera. 
The water wells were cleaned out, 
new houses were built and a new rice 
crop was planted. 
Mid-Atlantic 
region , USA, 1972 
Tropical storm of 
Rivers – 
Susquehanna, 
Genesee, Juniata 
and Allegheny. 
 
YES 
122 people died. 330,000 homeless. 
Drinking water became scarce as flood 
water sloshed through the state capital of 
Richmond. There was influx of raw 
sewage, industrial wastes, pesticides and 
silt. Gas, electricity and water systems 
were destroyed. 
ER & R  
Federal grant and insurance 
Source: Readers Digest (1992) 
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Annex table 2.3 : ISWC technical needs 
Preliminary/General items 
 
Provide safety equipment 
Rehabilitate and furnish 
admin building  
Reconstruction of access 
road and internal roads  
Refurbishment of living 
quarters 
Install street light 
Rehabilitate and equip 
workshop 
Purchase a hiab crane lorry 
(5tons) 
Operational vehicles (4x4 
pick up van) 
Operational vehicles (4x2 
pick up van) 
 
 
Low lift pumping station 
 
Refurbish overhead crane 
Refurbish small power and lighting 
system 
De-silting of the pumping well 
Replace control valves 
Refurbish buildings 
Procure gantry crane  
Modification of pump head to 
accommodate new pumps 
Rehabilitate the fuel dump 
Replace intake well inlet penstocks 
Supply and install vertical turbine pumps 
with panel 
Aerator 
De-silt the chambers 
Change nozzles 
Apply 2 coats of non-toxic epoxy resin 
 
Mixing /flocculation 
chamber 
 
De-silt channels 
Replace baffles 
Replace inlet penstock 
 
Sedimentation tank 
 
De-silt sedimentation basins 
Refurbish the sludge scrapper 
Replace the V-notch weirs 
Clear collection troughs 
Replace inlet penstock 
Rehabilitate sludge pipeline and 
collection chambers 
 
Filtration system 
 
Clear inlet channels of debris 
Evacuate filter media 
Replace filter nozzles 
Charge filter beds with fresh media 
De-silt all chambers and weirs 
Refurbish head loss indicator units 
Service Airlines and valve actuators 
 
Clear water well 
 
Recast broken top 
cover/HLPS floor 
De-silt the clear water well 
Repaint internal walls with 
non-toxic epoxy resin 
Seal up all cracks 
Replace penstocks and valves 
Disinfect the clear water well 
 
 
High lift pumping station 
 
Refurbish overhead crane 
Refurbish small power and lighting 
system 
Replace control valves 
Refurbish buildings 
Rehabilitate the fuel dump 
Supply and install Vertical Turbine 
pumps 
Supply and install new backwash pumps 
with panel 
De-silt Backwash tank 
Clean and apply non-toxic epoxy resin in 
backwash tank 
Refurbish air blowers 
Landscape the environment 
 
Chemical dosing 
 
Procure and install new chlorinators 
Install safety showers 
Rehabilitate wet pit 
Install new gantry crane 
Refurbish chemical mixers 
Rehabilitate chemical building etc. 
Rehabilitate quality control laboratory 
Procure essential lab equipment and reagents 
Supply and install Dosing pumps 
Refurbish small power and lighting system 
 
Otamiri elevated water 
tank  
 
Repair of cracks with 
concrete additives 
Repaint internal walls with 
non-toxic epoxy resin 
 
Booster stations rehabilitation work 
(5 nos) 
 
Super-chlorination of pipes and tanks 
Refurbishment of buildings 
Refurbish small power and lighting 
system 
Repair of cracks with concrete additive 
Rehabilitation of 5 satellite water 
schemes 
Refurbish fuel dumps 
 
Distribution network 
 
Replace AC pipes with 150mm diameter uPVC pipes 
Replace AC pipes with 200mm diameter uPVC pipes 
Replace AC pipes with 300mm diameter uPVC pipes 
Acquire leak detection equipment 
Replace sluice valves (various sizes) 
Replace air valves 
Construct valve chambers 
Install valves and fittings indicators 
 
Source: Bill of Engineering Measurement and Evaluation for emergency rehabilitation of Owerri regional water scheme, ISWC 
(2010) 
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Annex table 2.4: Early Warning Systems (EWS)  
Intervention Technology  Description 
 
Early Warning 
Systems 
Wells monitoring stations linked 
via satellite telemetry 
Can provide real – time information (Paulson and Shope, 2007) on 
water quality in particular e.g. salinity levels However, used in 
combination with under-listed systems could be expanded to collect and 
transfer hydrologic data to inform numerous activities that will be 
affected by climate change such as water quality and supply 
management, flood warning, reservoir management, irrigation 
management, and hydropower generation etc. 
Tide gauge stations There are over 1400 tide gauge stations worldwide used in measuring 
sea level rise but only about 150 stations have records longer than 50 
years, mostly located in the northern hemisphere (Harvey, 2006) 
FEWS FEWS is an open system that’s developing all the time. It is now also 
used to generate information about water shortages, water quality, oil 
spills and algal blooms. Other potential uses are to forecast hurricanes 
and monitor the strength of dikes. It can be used on a national scale or 
at the individual river basin level. Use for the whole of the Rhine basin 
as well as the 4 nation Mekong River Commission. It can monitor both 
fluvial and coastal flooding. In Scotland, apart from various hydrological 
data, the system is now fed with data from the Met Office, the Storm 
Tide forecasting Service and the Continental Shelf Model. 
Process –based hydro-ecological 
models  
Advanced automated sampler with telemetry; high –resolution digital 
topography; and are spatially explicit.  
Thermal Infra -Red  (TIR) 
Imagery 
Can generate thermal snapshots of entire river systems, allowing 
scientists and managers to understand and respond to the effects of a 
warming world. > A data gathering tool. 
Digital Temperature Sensing 
(DTS) Technology 
Monitors stream temperatures and can be used to characterize soil 
moisture over large areas (Selker et al. 2006). >A data gathering tool. 
Light Detection and Ranging 
(LIDAR) 
Can be used to create three- dimensional maps of channels and flood 
plains for entire stream networks ( Mckean et al. 2008). > A data 
gathering tool. 
Geographic Information System 
(GIS) 
Can be used to predict important hydrologic changes under existing and 
potential conditions.> A data integration and analytical tool. 
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Annex table 2.5: Resilience Principles as proposed by Mallack (1998) 
Principle Explanation 
Use Positive 
reinforcement 
To increase the frequency and intensity of desired behaviours through 
feedback, public recognition, reward systems and encouragement by 
peers. 
Perform positive 
adaptive behaviours 
A resilient organisation has personnel who take active approach toward 
solving problems in the workplace. Taking proactive steps to avert a 
crisis is an example of a positive adaptive response. When early warning 
signs surface, organisations rely on their resilient systems (including 
staffs) to construct an effective and positive adaptive response. 
Ensure adequate 
external resources 
If external resources are required in a problem situation, the adequacy 
and availability of those resources not only influence primary and 
secondary appraisal (perceiving a threat and bringing to mind a potential 
response to the threat), but also influencing coping behaviour.  External 
resources adequately encompasses resources of advice, information, 
finances and human resources etc. 
Expand decision 
making boundaries 
Resilient organisations allow their staffs the ability and authority to make 
decisions on the spot in a variety of situations. However this principle 
works hand-in-hand with the issue of ensuring adequate external 
resources. 
Practice bricolage Especially in areas of customer service and satisfaction, bricolage can 
have a dramatic effect. When a problem occurs in the field, an employee 
who can troubleshoot the problem and implement a solution to get 
things going again will not only satisfy the customer, he or she will 
experience a higher level of intrinsic job satisfaction as well. 
Develop tolerance 
for uncertainty 
Galbraith (1973) concept of uncertainty refers to situations where the 
amount of information you need is greater than the information you 
have. This represents source of frustration for many organisations who 
would like to make good decisions but they don’t, hence missing some 
strategic information. However, at the time of decision, no matter what 
type of intervention is employed, there is a fixed amount of information 
available. The resilient firm has the capacity to make good decisions 
under these conditions. 
Provide constructive 
feedback 
Especially when individual staffs fail so they can see what went wrong 
and walk away from the experience with a positive mental framework. 
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Annex table 2.6: Resilience principles by Wardekkar et al. (2009)  
Resilience Principle Descriptive Characteristic 
1. Homeostasis Involves the incorporation of feedback loops that stabilizes the system to 
perturbations such as early warning systems or hazard mitigating or adaptive 
features in construction e.g. gutters and reservoirs for RW Harvesting or the 
use of floating intakes by utilities etc. Flexible structures and infrastructures 
would provide a stabilizing feedback. New residents should be informed on the 
risks in the area and the measures they could take to prevent e.g. flooding. Also, 
the social structure in the area should be enhanced. Counter expertise and 
advice should be included in project development to identify possible problems 
before disruptive events occur. Urban planning could also contribute to limiting 
impacts. For instance, the road system could be designed to enhance the 
removal of water as it rain to counter possibility of flooding. 
2. Omnivory This involves having several different ways of fulfilling one’s needs. It entails 
multiple different approaches to solving a problem which can also complement 
or re-enforce each other especially when acting in parallel e.g. using multiple 
barrier approach to mitigate contamination such as the water safety plan, using 
multiple treatment stage to treat water, using diversified water sources to supply 
various areas, use of multiple reservoirs or dams to store water being distributed 
to different areas;  and multiple power generation sources for electricity 
supplies etc. 
3. High flux This allows for very quick responses to threats and changes. One way to 
implement high flux could be to shorten the planning time for projects or 
repairs of critical assets.  
4. Flatness Involves preventing the system from becoming top-heavy, overly hierarchical. 
In top heavy systems, early –warning signals observed at the bottom reach 
higher levels too slowly due to long or complex noisy lines. When decision 
authority lies at these higher levels, decision power and response capacity are 
severely constrained. In the context of social-ecological systems, this would 
involve overly complex procedures for decision making, bureaucracy and a 
limited influence of local actors on policy. This would reduce the flexibility, 
slow the response to disturbances and compromise the adequacy of responses. 
Practical examples include – the government could leave room and provide 
capacity for residents to modify their residential area in order to limit damage 
and problems. Government could allow residents decisions on their water 
safety. Policy making could be made more participative and tailored to local 
situation. Etc. 
5. Buffering This entails the ability to absorb disturbances to a certain extent. In the context 
of flooding hazards, certain (non-essential) low lying areas could be planned to 
serve as water retention areas for a while until high water tides are reduced. 
6. Redundancy Involves having multiple instances of something available such that when one 
fails, the other or others can be used e.g. multiple water sources or treatment 
methods or systems etc. There is usually a failure here before a switch is made 
unlike OMNIVORY that acts in parallel to re-enforce etc.  
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Annex 4.1a-f: The Delphi Process 
Round One -   Part A:                                                                                                                                                                            
An open-ended question was used to facilitate the generation of a wide array of response 
categories.  Question: What are the observed climate change-related problems or extreme 
events that are confronting utility water supply services? (Please list as many as 
possible)_______________________________________________________________                                           
Responses were coded and listed as follows:  
Table 4.1a Categories of suggested extreme events (n = 27) 
Question 
Code 
Problem Category n 
A1.1 Flooding 21 
A1.2 Land inundation 20 
A1.3 Iron Contamination  20 
A1.4 Increasing rainfall intensity (mm per hour) 20 
A1.5 Saltwater intrusion/salinity 18 
A1.6 Inaccurate climate models and planning difficulties 18 
A1.7 Unstable annual rainfall 18 
A1.8 Increasing urban demand for water 18 
A1.9 Decreasing surface water quality  18 
A1.10 Change in watershed vegetation and ecology 15 
A1.11 Increasing Operation and maintenance costs 14 
A1.12 Submersion of water facilities 10 
A1.13 Land erosion 8 
A1.14 Damage to utility infrastructure 7 
A1.15 Decreasing Groundwater/aquifer recharge 7 
A1.16 Land subsidence 7 
A1.17 Well drilling difficulties 6 
A1.18 Landslide 6 
A1.19 Coastal erosion 6 
A1.20 Drought 6 
A1.21 Earth tremor/ earth quakes 5 
A1.22 Reduced stream/River flow 5 
A1.23 More Concentrated water flow 5 
A1.24 Earlier water flow 4 
A1.25 Windstorm 3 
A1.26 Sea level rise 3 
A1.27 Ocean/Storm surge 3 
 
4.3.1.9 Delphi Study Round Two:                                                                                                                                                         
In round two, responses from round one were categorized to produce questionnaire used items 
for Delphi study Round two. The respondents were asked to rate their answers to each of the 27 
questions derived from the first round on a five-point Likert-type scale. Examples of questions 
used are:                                                             
A2.1 Reduced stream/River flow is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A2.2 Flooding is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
Where 1 = Strongly Disagree  (1.00 – 1.49)  2=Disagree   (1.50 – 2.49)   3 =Strongly disagree (2.50 – 3.49)                                                                                                                                                                                                                                                                                                                                                                                                                                 
4 = Agree (3.50 – 4.49)    5=Strongly Agree (4.50 – 5.00).    Please see annex 4.1f for the list of the questions. 
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The resulting responses from the 27 respondents at this round were analysed using SPSS 
descriptive statistics. But beyond merely using a descriptive distribution of figures as shown on 
the table in Round One; the second round of a Delphi deploys the average value of the 
distribution – the mean. The use of the mean enables an understanding of the most reliable 
estimate of central tendency in the population. The mean is fairly stable from one sample to 
another and indicates centre of distribution vital in highlighting emerging extent consensus in a 
Delphi. Also, the quoted Standard Deviation (SD) of the distribution enables an indication of a 
kind of ‘average’ amount by which all the values on the ‘LIKERT SCALE’ deviate from the 
mean. The greater the dispersion, the bigger the deviations and the bigger the standard (‘average’) 
deviation (Rowntree, 2000). These are depicted as values in Table 4.1b:  
Table 4.1b Level of Consensus with ranked categories of climate related problems 
confronting water supply utilities in the ND in decreasing order of mean (n = 27) 
Question 
Code 
Problem   Mean  
SD 
 
Ranking 
A2.1 Iron Contamination 4.19 .483 1 
A2.2 Flooding 4.11 .424 2 
A2.3 Saltwater intrusion/salinity 3.96 .587 3 
A2.4 Decreasing surface water quality 3.81 .557 4 
A2.5 Increasing rainfall intensity (mm per hour) 3.74 .447 5 
A2.6 Unstable annual rainfall 3.67 .480 6 
A2.7 Land inundation 3.67 .679 6 
A2.8 Increasing urban demand for water 3.63 .565 7 
A2.9 Submersion of water facilities 3.59 .888 8 
A2.10 Increasing Operation and maintenance costs 3.52 .509 9 
A2.11 Inaccurate climate models and planning difficulties 3.52 .753 9 
A2.12 Change in watershed vegetation and ecology 3.48 .643 10 
A2.13 Land erosion 3.30 .669 11 
A2.14 Damage to utility infrastructure 3.04 .706 12 
A2.15 Decreasing Groundwater/aquifer recharge 3.00 .734 13 
A2.16 Earlier water flow 2.96 .587 14 
A2.17 Sea level rise 2.89 .577 15 
A2.18 Coastal erosion 2.81 .786 16 
A2.19 Concentrated water flow 2.81 .736 16 
A2.20 Ocean/Storm surge 2.67 .734 17 
A2.21 Landslide 2.59 .844 18 
A2.22 Land subsidence 2.56 .974 19 
A2.23 Drought 2.48 .893 20 
A2.24 Earth tremor/ earth quakes 2.41 .844 21 
A2.25    Windstorm 2.37 .688 22 
A2.26 Reduced stream/River flow 2.33 .877 23 
A2.27 Well drilling difficulties 2.22 1.050 24 
                                                                                                                                                                                                                   
As noted from Table 4.1b above, respondents or panel members either agreed or were uncertain 
about 22 of the 27 questions posed. They agreed at this round that eleven of issues raised such as 
iron contamination, flooding, saltwater intrusion/salinity, decreasing surface water quality, 
increasing rainfall intensity (mm per hour), unstable annual rainfall, land inundation, increasing 
urban demand for water, submersion of water facilities, increasing operation and maintenance 
costs, and inaccurate climate models and planning difficulties were problems or risks associated 
336 
 
with climate change in the Niger Delta (ND). They however expressed their position, categorised 
as ‘’uncertain’’ for issues such as change in watershed vegetation and ecology, land erosion, 
damage to utility infrastructure, decreasing Groundwater/aquifer recharge, earlier water flow, sea 
level rise, coastal erosion, concentrated water flow, ocean/storm surge, landslide, and land 
subsidence. The high Standard Deviation observed for categorised as ‘’Disagree’’ reflects the rate 
of dispersion in opinion towards their inclusion as problems or risks associated with climate 
change that confront water supply utilities  in the ND. They also have very low mean scores.  
Items categorised as ‘’Disagree’’ consists of drought, earth tremor/ earth quakes, windstorm, 
reduced stream/River flow, and well drilling difficulties. To further triangulate the actual 
acceptance or otherwise of issues raised on the list, efforts were made to further build consensus. 
This happens in Round Three of the Delphi. 
Round Three:                                                                                                                                                                               
In Round three, based on the analyses obtained from Round 2 , respondents or panel members 
were sent their individual score and the overall mean score for each question based on the 
questions as expressed on the likert scale of the preceding round two, and were requested to 
simply tick for  either ‘’AGREE’’ or  ‘’Disagree’’ based on their extant score.  Dyer (2003) 
describes this procedure as ‘‘a dichotomous indication of whether they agreed or disagreed’’ Those 
disagreeing were enabled the option of reconsidering their extant score by ticking a new option 
from a LIKERT SCALE where: 1 = Strongly Disagree; 2=Disagree; 3 = Strongly Disagree; 4 = 
Agree; and 5=Strongly Agree while those agreeing retained their previous score. Panel members 
were also requested to provide comments were necessary if they did not agree with the summary 
findings. The questionnaire was mailed out - some electronically (for those who provided their 
email addresses and for those who did not have an email address, it was hand-delivered) 25 of 
the 27 panel members responded in this round representing 92.6% response rate. A summary of 
the Round 3 questionnaire is as shown in Table 4.1c: 
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Table 4.1c: Panel member score, mean score and reconsidered score based on likert scale 
Question 
Code 
Question Your 
Score 
Mean 
Score 
Reconsidered 
Score based on a 
LIKERT SCALE 
of 1 - 5 
A3.1 Iron Contamination 5 4.19  
A3.2 Flooding 5 4.11  
A3.3 Saltwater intrusion/salinity 5 3.96  
A3.4 Decreasing surface water quality 4 3.81  
A3.5 Increasing rainfall intensity (mm per hour) 4 3.74  
A3.6 Unstable annual rainfall 4 3.67  
A3.7 Land inundation 4 3.67  
A3.8 Increasing urban demand for water 4 3.63  
A3.9 Submersion of water facilities 4 3.59  
A3.10 Increasing Operation and maintenance costs 4 3.52  
A3.11 Inaccurate climate models and planning difficulties 4 3.52  
A3.12 Change in watershed vegetation and ecology 3 3.48  
A3.13 Land erosion 3 3.30  
A3.14 Damage to utility infrastructure 3 3.04  
A3.15 Decreasing Groundwater/aquifer recharge 3 3.00  
A3.16 Earlier water flow 3 2.96  
A3.17 Sea level rise 3 2.89  
A3.18 Coastal erosion 3 2.81  
A3.19 Concentrated water flow 3 2.81  
A3.20 Ocean/Storm surge 3 2.67  
A3.21 Landslide 3 2.59  
A3.22 Land subsidence 3 2.56  
A3.23 Drought 2 2.48  
A3.24 Earth tremor/ earth quakes 2 2.41  
A3.25 Windstorm 2 2.37  
A3.26 Reduced stream/River flow 2 2.33  
A3.27 Well drilling difficulties 2 2.22  
     
Note: LIKERT SCALE where: 1 = Strongly Disagree; 2=Disagree; 3 = Strongly Disagree; 4 = Agree; and 5=Strongly.  Please 
refer to annex 4.1d  for analysis of scores to establish consensus..                                                                                                                                                                
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Table 4.1d: Analysis of scores to establish consensus   
Que. ID Question Mean SD Rank % of experts voting for each 
of the scores 
% of experts voting for 
categorised scales 
Total 
Estimate 
     5 4 3 2 1 5 or 4 or 3 2 or 1  
A4.1 Increasing urban demand 
for water is an observed 
physical change? 
 
4.88 
 
.332 
 
1 
 
88 
 
12 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.2 Flooding is an observed 
physical change? 
 
4.88 
 
.332 
 
1 
 
88 
 
12 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.3 Increasing operation and 
maintenance costs 
associated with all the 
above problems are a 
challenge? 
 
4.80 
 
.408 
 
2 
 
80 
 
20 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.4 Decreasing surface water 
quality is an observed 
physical change? 
 
4.76 
 
.436 
 
3 
 
76 
 
24 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.5 Increasing rainfall 
intensity (mm per hour) is 
an observed physical 
change? 
 
4.76 
 
.523 
 
3 
 
80 
 
16 
 
4 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.6 Unstable annual rainfall is 
an observed physical 
change? 
 
4.76 
 
.523 
 
3 
 
80 
 
16 
 
4 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.7 Iron contamination is an 
observed physical 
change? 
 
4.76 
 
.523 
 
3 
 
80 
 
16 
 
4 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.8 Saltwater intrusion or 
salinity of water supplies 
is an observed physical 
change? 
 
4.76 
 
.597 
 
3 
 
84 
 
8 
 
8 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.9 Land erosion is an 
observed physical 
change? 
 
4.72 
 
.458 
 
4 
 
72 
 
28 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.10 Change in watershed 
vegetation and ecology is 
an observed physical 
change? 
 
4.68 
 
.476 
 
5 
 
68 
 
32 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.11 Land inundation is an 
observed physical 
change? 
 
4.68 
 
.627 
 
5 
 
76 
 
16 
 
8 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.12 Inaccurate climate models 
and planning difficulties is 
an observed physical 
change? 
 
4.60 
 
.645 
 
6 
 
68 
 
24 
 
8 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.13 Damage to water supply 
facilities is an observed 
physical change? 
 
4.24 
 
1.128 
 
7 
 
60 
 
20 
 
4 
 
16 
 
0 
 
84 
 
16 
 
100 
A4.14 Submersion of water 
supply facilities is an 
observed physical 
change? 
 
4.16 
 
.898 
 
8 
 
48 
 
20 
 
32 
 
0 
 
0 
 
100 
 
0 
 
100 
A4.15 Decreasing 
groundwater/aquifer 
recharge and quantity is 
an observed physical 
change? 
 
4.12 
 
1.092 
 
9 
 
48 
 
32 
 
4 
 
16 
 
0 
 
84 
 
16 
 
100 
A4.16 Coastal erosion is an 
observed physical 
change? 
 
3.96 
 
1.172 
 
9 
 
44 
 
28 
 
8 
 
20 
 
0 
 
80 
 
20 
 
100 
A4.17 Landslide is an observed 
physical change? 
 
3.80 
 
1.190 
 
11 
 
40 
 
20 
 
20 
 
20 
 
0 
 
80 
 
20 
 
100 
A4.18 Earlier water flow is an 
observed physical 
change? 
 
3.80 
 
1.190 
 
11 
 
40 
 
20 
 
20 
 
20 
 
0 
 
80 
 
20 
 
100 
A4.19 Land subsidence is an 
observed physical 
change? 
 
3.72 
 
1.173 
 
12 
 
36 
 
20 
 
24 
 
20 
 
0 
 
80 
 
20 
 
100 
A4.20 Sea level rise is an 
observed physical 
change? 
 
3.64 
 
1.186 
 
13 
 
36 
 
12 
 
32 
 
20 
 
0 
 
80 
 
20 
 
100 
A4.21 More concentrated water 
flow is an observed 
physical change? 
 
3.64 
 
.764 
 
14 
 
0 
 
40 
 
40 
 
20 
 
0 
 
80 
 
20 
 
100 
339 
 
A4.22 Ocean /storm surge is an 
observed physical 
change? 
 
3.20 
 
1.190 
 
14 
 
20 
 
20 
 
20 
 
40 
 
0 
 
60 
 
40 
 
100 
A4.23 Reduced stream/River 
flow is an observed 
physical change? 
 
2.84 
 
1.068 
 
15 
 
16 
 
0 
 
36 
 
48 
 
0 
 
52 
 
48 
 
100 
A4.24 Earth tremor/earth quake 
is an observed physical 
change? 
 
2.52 
 
.586 
 
16 
 
0 
 
4 
 
44 
 
52 
 
0 
 
48 
 
52 
 
100 
A4.25 Windstorm is an 
observed physical 
change? 
 
2.52 
 
.823 
 
16 
 
0 
 
20 
 
12 
 
68 
 
0 
 
32 
 
68 
 
100 
A4.26 Drought is an observed 
physical change? 
 
2.40 
 
.500 
 
17 
 
0 
 
0 
 
40 
 
60 
 
0 
 
40 
 
60 
 
100 
A4.27 Well drilling difficulties is 
an observed physical 
change? 
 
2.00 
 
.000 
 
18 
 
0 
 
0 
 
0 
 
100 
 
0 
 
0 
 
100 
 
100 
Please see annex table 4.1e for the summary of the consensus. 
Table 4.1e: A summary of the Delphi Consensus 
Problem Agree  
(%) 
Disagree (%) 
Increasing urban demand for water is an observed physical change? 
 
Flooding is an observed physical change? 
 
Increasing operation and maintenance costs associated with all the above 
problems are a challenge? 
 
Decreasing surface water quality is an observed physical change? 
 
Increasing rainfall intensity (mm per hour) is an observed physical change? 
 
Unstable annual rainfall is an observed physical change? 
 
Iron contamination is an observed physical change? 
 
Saltwater intrusion or salinity of water supplies is an observed physical change? 
 
Land erosion is an observed physical change? 
 
Change in watershed vegetation and ecology is an observed physical change? 
 
Land inundation is an observed physical change? 
 
Inaccurate climate models and planning difficulties is an observed physical 
change? 
 
Damage to water supply facilities is an observed physical change? 
 
Submersion of water supply facilities is an observed physical change? 
 
Decreasing groundwater/aquifer recharge and quantity is an observed physical 
change? 
 
Coastal erosion is an observed physical change? 
 
Landslide is an observed physical change? 
 
Earlier water flow is an observed physical change? 
 
100 
 
100 
 
100 
 
 
100 
 
100 
 
100 
 
100 
 
100 
 
100 
 
100 
 
100 
 
100 
 
 
84 
 
100 
 
 
84 
 
80 
 
80 
 
80 
 
0 
 
0 
 
0 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
 
16 
 
0 
 
 
16 
 
20 
 
20 
 
20 
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Land subsidence is an observed physical change? 
 
Sea level rise is an observed physical change? 
 
More concentrated water flow is an observed physical change? 
 
Ocean /storm surge is an observed physical change? 
 
Reduced stream/River flow is an observed physical change? 
 
Earth tremor/earth quake is an observed physical change? 
 
Windstorm is an observed physical change? 
 
Drought is an observed physical change? 
 
Well drilling difficulties is an observed physical change? 
80 
 
80 
 
80 
 
60 
 
52 
 
48 
 
32 
 
40 
 
0 
20 
 
20 
 
20 
 
40 
 
48 
 
52 
 
68 
 
60 
 
100 
 
Table 4.1f: Delphi Questionnaire 
Delphi Round 2 Part A 
A1.Reduced stream/River flow is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A2.Flooding is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A3.More concentrated water flow is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A4.Increasing urban demand for water is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A5.Decreasing groundwater/aquifer recharge and quantity is an observed physical change?  
Strongly disagree 
 
    Disagree Uncertain Agree Strongly Agree 
     
A6.Decreasing surface water quality is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A7.Submersion of water supply facilities is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A8.Change in watershed vegetation and ecology is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A9.Saltwater intrusion or salinity of water supplies is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A10.Damage to water supply facilities is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A11.Land inundation is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A12.Iron Contamination is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
341 
 
   
A13.Increasing rainfall intensity (mm per hour) is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A14.Inaccurate climate models and planning difficulties is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A15.Unstable annual rainfall is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A16.Land erosion is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A17.Land subsidence is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A18.Well drilling difficulties is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A19.Landslide is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A20.Coastal erosion is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A21.Drought is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A22.Earth tremor/ earth quakes are an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A23.Windstorm is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A24.Sea level rise is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A25.Ocean/Storm surge is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A26.Earlier water flow is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A27.Increasing Operation and maintenance costs associated with all the above problems are a challenge? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
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Round One   Part B 
The same procedure as in Part A above was used for Part B in answering and building consensus for the Question: 
What actions could you propose to help your utility adapt to climate change?                                                                                                                                         
An open-ended question was used to facilitate the generation of a wide array of response 
categories. Responses were categorized to produce items for a 2nd round questionnaire. 
Table 4.2a Categories of Suggested adaptations (n = 27) 
 Adaptation/Solution Category      n 
B1.1 Increase water treatment capacity     24 
B1.2 Improve city planning      23 
B1.3 Install flood barriers     23 
B1.4 Protect and monitor changes to improve watershed     20 
B1.5 Develop a Climate risk management  strategy in utility planning     20 
B1.6 Capacity building for utility staff     19 
B1.7 Increase budgetary allocation/government subsidy     19 
B1.8 Restore coastal wetlands     19 
B1.9 Hire suitably qualified new staff     15 
B1.10 Update and improve use of ICTs     15 
B1.11 Use efficient and effective meteorological services     15 
B1.12 Awareness creation and involvement of utility customers and stakeholders     12 
B1.13 Improve inter-agency coordination     12 
B1.14 Move facilities to higher ground     10 
B1.15 Reduce leakages     10 
B1.16 Groundwater aquifer recharge      8 
B1.17 Building additional surface connections      8 
B1.18 Rationalize allocation of water supplies      6 
B1.19 Drilling more wells to tap additional groundwater      6 
B1.20 Recycle waste water      6 
B1.21 Build additional or increase reservoir storage capacity      6 
B1.22 Promote crop mix and efficient outdoor water use      5 
B1.23 Reduce and save more water @ home      5 
B1.24 Expand water supply services      3 
B1.25 Reuse gray water      3 
B1.26 Desalinize seawater      3 
 
2nd Round:                                                                                                                                                                                                 
In round two, respondents were asked to rate the 26 solutions identified in the first round on a 
five-point Likert-type scale.                                                                                                                                                                             
1 = Strongly Disagree  (1.00 – 1.49)                                                                                                                                               
2=Disagree   (1.50 – 2.49)                                                                                                                                                                  
3 =Strongly disagree (2.50 – 3.49)                                                                                                                                                                 
4 = Agree (3.50 – 4.49)                                                                                                                                                                                 
5=Strongly Agree (4.50 – 5.00) 
Round Two:                                                                                                                                                                                           
In round two, responses from round one were categorized to produce questionnaire used items 
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for Delphi study Round two. The respondents were asked to rate their answers to each of the 26 
questions derived from the first round on a five-point Likert-type scale. Examples of questions 
used are:                                                               
B1.Increasing the water treatment capacity is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B2.Improving city planning is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A b3.Installing flood barrier is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
Please refer to Annex 4.2f for complete list of questions 
The resulting responses from the 27 respondents at this round were analysed using SPSS 
descriptive statistics. But beyond merely using a descriptive distribution of figures as shown on 
the table in Round One; the second round of a Delphi deploys the average value of the 
distribution – the mean. The use of the mean enables an understanding of the most reliable 
estimate of central tendency in the population. The mean is fairly stable from one sample to 
another and indicates centre of distribution vital in highlighting emerging extent of consensus in 
a Delphi. Also, the quoted Standard Deviation (SD) of the distribution enables an indication of a 
kind of ‘average’ amount by which all the values on the ‘LIKERT SCALE’ deviate from the 
mean. The greater the dispersion, the bigger the deviations and the bigger the standard (‘average’) 
deviation (Rowntree, 2000). These are depicted as values in Table 4.2b:  
Table 4.2b: Level of Consensus after round two with ranked categories of climate-change 
adaptation preferences for water supply utilities in the ND in decreasing order of mean 
(n = 27) 
Adaptation/Solution  Mean SD Ranking 
Increase water treatment capacity 4.15 .534 1 
Install flood barriers 4.07 .730 2 
Protect and monitor changes to improve watershed 3.67 .480 3 
Use efficient and effective meteorological services 3.56 .506 4 
Hire suitably qualified new staff 3.48 .509 5 
Develop a Climate risk management strategy in utility operations 3.48 .753 5 
Updating and improving utility’s ICT 3.44 .506 6 
Improve city planning 3.41 .747 7 
Improve inter-agency coordination 3.41 .747 7 
Restore coastal wetlands 3.41 .747 7 
Increase budgetary allocation/government subsidy 3.41 .747 7 
Capacity building for utility staff 3.41 .747 7 
Reduce leakages 3.33 .480 8 
Groundwater aquifer recharge 3.26 .813 9 
Building additional surface connections 3.22 .698 10 
Awareness creation and enlightenment of utility customers and stakeholders 3.07 1.072 11 
Move facilities to higher ground 2.93 .874 12 
Expand water supply services 2.89 .892 13 
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Promote crop mix and efficient outdoor water use 2.81 .921 14 
Drilling more wells to tap additional groundwater 2.81 .834 14 
Rationalize allocation of water supplies 2.78 .934 15 
Reduce and save more water @ home 2.78 .847 15 
Recycle waste water 2.78 .847 15 
Desalinize seawater 2.56 .641 16 
Build additional or increase reservoir storage capacity 2.52 1.122 17 
Reuse grey water 2.44 .751 18 
    
 
As noted from Table 4.2b respondents or panel members either agreed or were uncertain about 
25 of the 26 questions posed. They agreed at this round that four of issues raised such as 
Increase water treatment capacity, Installation of flood barriers and Protection and monitoring 
of changes to improve watershed are excellent adaptation measures. However they expressed a 
position, categorised as ‘’uncertain’’ for issues such as Hire suitably qualified new staff; Develop 
a Climate risk management strategy in utility operations; Updating and improving utility’s ICT; 
Improve city planning; Improve inter-agency coordination; Restore coastal wetlands; Increase 
budgetary allocation/government subsidy; Capacity building for utility staff; Reduce leakages; 
Groundwater aquifer recharge; Building additional surface connections; Awareness creation and 
enlightenment of utility customers and stakeholders; Move facilities to higher ground; Expand 
water supply services; Promote crop mix and efficient outdoor water use; Drilling more wells to 
tap additional groundwater; Rationalize allocation of water supplies; Reduce and save more water 
at home; Recycle waste water;  Desalinize seawater, and Build additional or increase reservoir 
storage capacity etc. They expressed as categorised - ‘’Disagree’’ for - Reuse grey water; which 
had a mean score that fall within the Disagree category.  To further triangulate the actual 
acceptance or otherwise of issues raised on the list, efforts were made to further build consensus. 
This happens in Round Three of the Delphi. 
Round Three:                                                                                                                                                                                           
In Round three, based on the analyses obtained from Round 2 , respondents or panel members 
were sent their individual score and the overall mean score for each question based on the 
questions as expressed on the likert scale of the preceding round two, and were requested to 
simply tick for  either ‘’AGREE’’ or  ‘’Disagree’’ based on their extant score.  Dyer (2003) 
describes this procedure as ‘‘a dichotomous indication of whether they agreed or disagreed’’ Those 
disagreeing were enabled the option of reconsidering their extant score by ticking a new option 
from a LIKERT SCALE where: 1 = Strongly Disagree; 2=Disagree; 3 = Strongly Disagree; 4 = 
Agree; and 5=Strongly Agree; while those agreeing retained their previous score. Panel members 
were also requested to provide comments were necessary if they did not agree with the summary 
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findings. The questionnaire was mailed out - some electronically (for those who provided their 
email addresses and for those who did not have an email address, it was hand-delivered) 25 of 
the 27 panel members responded in this round representing 92.6% response rate. A summary of 
the Round 3 questionnaire is as shown in Table 4.2c. 
Table 4.2c Panel member score, panel mean score and reconsidered score based on likert 
scale 
Question 
Code 
Question Your 
Score 
Mea
n 
Score 
Reconsidered 
Score based on a 
LIKERT SCALE 
of 1 - 5 
B3.1 Increase water treatment capacity 5 4.15  
B3.2 Install flood barriers 5 4.07  
B3.3 Protect and monitor changes to improve watershed 4 3.67  
B3.4 Use efficient and effective meteorological services 4 3.56  
B3.5 Hire suitably qualified new staff 4 3.48  
B3.6 Develop a Climate risk management strategy 4 3.48  
B3.7 Updating and improving utility’s ICT 4 3.44  
B3.8 Improve city planning 4 3.41  
B3.9 Improve inter-agency coordination 4 3.41  
B3.10 Restore coastal wetlands 4 3.41  
B3.11 Increase budgetary allocation/government subsidy 4 3.41  
B3.12 Capacity building for utility staff 3 3.41  
B3.13 Reduce leakages 3 3.33  
B3.14 Groundwater aquifer recharge 3 3.26  
B3.15 Building additional surface connections 3 3.22  
B3.16 Awareness creation and enlightenment of utility  3 3.07  
B3.17 Move facilities to higher ground 3 2.93  
B3.18 Expand water supply services 3 2.89  
B3.19 Promote crop mix and efficient outdoor water use 3 2.81  
B3.20 Drilling more wells to tap additional groundwater 3 2.81  
B3.21 Rationalize allocation of water supplies 3 2.78  
B3.22 Reduce and save more water @ home 3 2.78  
B3.23 Recycle waste water 2 2.78  
B3.24 Desalinize seawater 2 2.56  
B3.25 Build additional or increase reservoir storage capacity 2 2.52  
B3.26 Reuse grey water 2 2.44  
Note: LIKERT SCALE where: 1 = Strongly Disagree; 2=Disagree; 3 = Strongly Disagree; 4 = Agree; and 5=Strongly. Please refer to Annex 4F for 
the Analysis of scores to establish consensus and Annex 4G for the Delphi Round Three: Level of Consensus with Climate Changer suggested solutions in the ND - 
Please refer to Annex 4D as attached. 
In concluding or completing a Delphi process there is need to attain a consensus amongst the 
panel members. This is necessary to determine the extent to which these experts agree about a 
given issue (Jones and Hunter, 1995). However, Mitchell and McGoldrick (1994) argue that there 
was little agreement on what exactly constitute consensus. Kilner (2004) on the other hand 
argues that there is little guidance on the level of agreement required to claim consensus from 
Delphi. However, two indicators used to measure consensus for this study were; percentage of 
respondents agreeing on certain answers, as proposed by (Green and Price (2000); Hughes 
(2003); Reeto et al. (2004) and Padel and Midmore (2005); and; Standard Deviation values as 
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proposed by (Scholl et al. (2004), Feret and Marcinek (1999), Miller (2001) and Outhred (2001). 
The tables showing these benchmarks as shown in annex table 4.2b (as was also the case with 
annex table 4.2a) 
Table 4.2d: Analysis of scores to establish consensus   
Que. 
ID 
Question Mea
n 
SD Rank % of experts voting for each of the 
scores 
% of experts voting for 
categorised scales 
Total 
Estimate 
B4.1 The use of efficient and 
effective meteorological 
services is an appropriate 
adaptation for the utility? 
 
 
5.00 
 
 
.000 
 
 
1 
5 
 
100 
 
4 
 
0 
3 
 
0 
2 
 
0 
1 
 
0 
5 or 4 or 3 
 
100 
2 or 1 
 
0 
 
 
100 
B4.2 Developing a climate risk 
management strategy for 
utility operations is an 
appropriate adaptation 
for the utility? 
 
5.00 
 
.000 
 
1 
 
100 
 
0 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.3 Increasing the water 
treatment capacity is an 
appropriate adaptation 
for the utility? 
 
5.00 
 
.000 
 
1 
 
100 
 
0 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.4 Hiring and recruiting 
suitably qualified staff to 
man strategic vacant or 
new positions is an 
appropriate adaptation 
for the utility? 
 
4.96 
 
.200 
 
2 
 
96 
 
4 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.5 Increase in budgetary 
allocation/government 
subsidy is an appropriate 
adaptation for the utility? 
 
4.92 
 
.277 
 
3 
 
92 
 
8 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.6 Protecting and 
monitoring changes to 
improve watershed is an 
appropriate adaptation 
for the utility? 
 
4.92 
 
.277 
 
3 
 
92 
 
8 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.7 Installing flood barrier is 
an appropriate adaptation 
for the utility? 
 
4.88 
 
.332 
 
4 
 
88 
 
12 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.8 Capacity building for 
utility staff is an 
appropriate adaptation 
for the utility? 
 
4.80 
 
.408 
 
5 
 
80 
 
20 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.9 Improving city planning 
is an appropriate 
adaptation for the utility? 
 
4.80 
 
.408 
 
5 
 
80 
 
20 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.10 Reduction of leakages is 
an appropriate adaptation 
for the utility? 
 
4.76 
 
.436 
 
6 
 
76 
 
24 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.11 Restoration of coastal 
wetlands is an appropriate 
adaptation for the utility? 
 
4.72 
 
.458 
 
7 
 
72 
 
28 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.12 The movement of facility 
to higher ground is an 
appropriate adaptation 
for the utility? 
 
4.56 
 
.651 
 
8 
 
64 
 
28 
 
8 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.13 Improve inter-agency 
coordination is an 
appropriate adaptation 
for the utility? 
 
4.32 
 
.476 
 
9 
 
32 
 
68 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.14 Updating and improving 
utility's information and 
communication 
technology is an 
appropriate adaptation 
for the utility? 
 
4.00 
 
.000 
 
10 
 
0 
 
100 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.15 Building additional or 
increasing reservoir 
storage capacity is an 
appropriate adaptation 
for the utility? 
 
4.00 
 
.000 
 
10 
 
0 
 
100 
 
0 
 
0 
 
0 
 
100 
 
0 
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B4.16 Rationalizing allocation of 
water supplies is an 
appropriate adaptation 
for the utility? 
 
4.00 
 
.000 
 
10 
 
0 
 
100 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.17 Awareness creation and 
involvement of utility 
customers and 
stakeholders is an 
appropriate adaptation 
for the utility? 
 
4.00 
 
.000 
 
10 
 
0 
 
100 
 
0 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.18 Expanding water supply 
service is an appropriate 
adaptation for the utility? 
 
3.68 
 
.627 
 
11 
 
4 
 
64 
 
28 
 
4 
 
0 
 
96 
 
4 
 
100 
B4.19 Drilling more wells to tap 
additional groundwater is 
an appropriate adaptation 
for the utility? 
 
3.60 
 
.707 
 
12 
 
12 
 
36 
 
52 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.20 The building of additional 
surface connections is an 
appropriate adaptation 
for the utility? 
 
3.00 
 
.289 
 
13 
 
0 
 
4 
 
92 
 
4 
 
0 
 
96 
 
4 
 
100 
B4.21 The reduction and saving 
more water @ home is an 
appropriate adaptation 
for the utility? 
 
3.00 
 
.000 
 
13 
 
0 
 
0 
 
100 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.22 The promotion of crop 
mix and efficient outdoor 
water use is an 
appropriate adaptation 
for the utility? 
 
3.00 
 
.000 
 
13 
 
0 
 
0 
 
100 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.23 Recycling of wastewater is 
an appropriate adaptation 
for the utility? 
 
3.00 
 
.000 
 
13 
 
0 
 
0 
 
100 
 
0 
 
0 
 
100 
 
0 
 
100 
B4.24 Ground water aquifer 
recharge is an appropriate 
adaptation for the utility? 
 
3.00 
 
.289 
 
13 
 
0 
 
4 
 
92 
 
4 
 
0 
 
96 
 
4 
 
100 
B4.25 Reusing grey water is an 
appropriate adaptation 
for the utility? 
 
2.84 
 
.374 
 
14 
 
0 
 
0 
 
84 
 
16 
 
0 
 
84 
 
16 
 
100 
B4.26 Desalinizing seawater is 
an appropriate adaptation 
for the utility? 
 
2.76 
 
.663 
 
15 
 
0 
 
3 
 
52 
 
36 
 
0 
 
55 
 
35 
 
100 
Please see annex table 4.2e for a summary of the consensus. 
Table 4.2e: A summary of the Delphi Consensus  
Problem Agree  
(%) 
Disagree 
(%) 
The use of efficient and effective meteorological services is an appropriate 
adaptation for the utility? 
 
Developing a climate risk management strategy for utility operations is an 
appropriate adaptation for the utility? 
 
Increasing the water treatment capacity is an appropriate adaptation for the 
utility? 
 
Hiring and recruiting suitably qualified staff to man strategic vacant or new 
positions is an appropriate adaptation for the utility? 
 
Increase in budgetary allocation/government subsidy is an appropriate 
adaptation for the utility? 
 
Protecting and monitoring changes to improve watershed is an appropriate 
adaptation for the utility? 
 
Installing flood barrier is an appropriate adaptation for the utility? 
 
 
100 
 
 
100 
 
 
100 
 
 
100 
 
 
100 
 
 
100 
 
100 
 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
0 
 
348 
 
Capacity building for utility staff is an appropriate adaptation for the utility? 
 
Improving city planning is an appropriate adaptation for the utility? 
 
Reduction of leakages is an appropriate adaptation for the utility? 
 
Restoration of coastal wetlands is an appropriate adaptation for the utility? 
 
The movement of facility to higher ground is an appropriate adaptation for the 
utility? 
 
Improve inter-agency coordination is an appropriate adaptation for the utility? 
 
Updating and improving utility's information and communication technology 
is an appropriate adaptation for the utility? 
 
Building additional or increasing reservoir storage capacity is an appropriate 
adaptation for the utility? 
 
Rationalizing allocation of water supplies is an appropriate adaptation for the 
utility? 
 
Awareness creation and involvement of utility customers and stakeholders is 
an appropriate adaptation for the utility? 
 
Expanding water supply service is an appropriate adaptation for the utility? 
 
Drilling more wells to tap additional groundwater is an appropriate adaptation 
for the utility? 
 
The building of additional surface connections is an appropriate adaptation for 
the utility? 
 
The reduction and saving more water @ home is an appropriate adaptation 
for the utility? 
 
The promotion of crop mix and efficient outdoor water use is an appropriate 
adaptation for the utility? 
 
Recycling of wastewater is an appropriate adaptation for the utility? 
Ground water aquifer recharge is an appropriate adaptation for the utility? 
 
Reusing grey water is an appropriate adaptation for the utility? 
 
Desalinizing seawater is an appropriate adaptation for the utility? 
100 
 
100 
 
100 
 
100 
 
100 
 
 
100 
 
100 
 
 
100 
 
 
100 
 
 
 
100 
 
96 
 
 
100 
 
96 
 
 
 
100 
 
 
100 
 
100 
96 
 
84 
 
55 
0 
 
0 
 
0 
 
0 
 
0 
 
 
0 
 
0 
 
 
0 
 
 
0 
 
 
 
0 
 
4 
 
 
0 
 
4 
 
 
 
0 
 
 
0 
 
0 
4 
 
16 
 
35 
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Table 4.2f: Delphi questionnaire 
Delphi Round 2 Part B 
B1.Increasing the water treatment capacity is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B2.Improving city planning is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A b3.Installing flood barrier is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B4.Protecting and monitoring changes to improve watershed is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B5.Developing a Climate risk management strategy for utility operations is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B6.Capacity building for utility staff is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B7.Increase in budgetary allocation/government subsidy is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B8.Restoration of coastal wetlands is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B9.The use of efficient and effective meteorological services is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B10.Awareness creation and enlightenment of utility customers and stakeholders is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B11.Improve inter-agency coordination is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
B12.The Movement of facility to higher ground is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B13.Reduction of leakages is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B14.Groundwater aquifer recharge is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B15.The building of additional surface connections is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B16.Rationalizing allocation of water supplies is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B17.Drilling more wells to tap additional groundwater is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B18.Recycling of waste water is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
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B19.Building additional or increasing reservoir storage capacity is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B20.The Promotion of crop mix and efficient outdoor water use is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B21.The Reduction and saving more water @ home is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B22.Expanding water supply service is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B23.Reusing grey water is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B24.Desalinizing seawater is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B25.Hiring and recruiting suitably qualified staff to man strategic vacant or new positions/roles is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
B26.Updating and improving the utility’s Information and Communication Technologies is an appropriate adaptation for the utility? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
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Annex 4.3: The questionnaire 
 
 
Water, Engineering and Development Centre, Loughborough University (UK) 
 
Questionnaire: Water Utility Survey on Climate Impacts 
 
 
Questionnaire 
S/No:____________________________City:___________________________ 
 
Respondent Reference 
No:_____________________________________________________ 
 
Utility 
Address:________________________________________________________________ 
 
 
Please enter your name, position and the details of your organisation.  
All responses will be confidential and will not be connected in any way to you, but for 
research purposes we would prefer to be aware of your own role and professional 
discipline. Your details will not be disclosed to a third party (please refer to the statement 
regarding the Data Protection Act (1998) at the end of this questionnaire). Please your 
response to every question will be very useful for the study, so it will be most helpful if you 
kindly attend to every question and omitting none. 
 
 
 
Name_____________________________________________________________________________________ 
 
Company__________________________________________________________________________________ 
 
Telephone________________________________________Email_____________________________________ 
 
Postal Address______________________________________________________________________________ 
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Personal Details: 
 
1. Please kindly indicate from the list below one category which best describes your official designation: 
General Manager/CEO Quality Assurance Manager 
Asst. General Manager Water/Technical Services Water Operations Manager 
Asst. General Manager Commercial Services Technical Manager 
Asst. General Manager Management Services Finance Manager 
Asset Manager Personnel Manager 
Operator Any other 
 
 
2. Please kindly indicate from the list below one category which best describes your professional identity 
Engineer Geologist Accountant 
Chemist Sociologist Biologist 
Lecturer Technician Lawyer 
Management Consultant Any other  
 
3. Please kindly indicate from the list below one category which best describes your highest academic qualifications 
PhD BSc 
MPhil HND 
MSc OND 
MBA Any other 
 
4. Please kindly indicate from the list below one category which best indicate how long you have worked for the organisation 
More than 30 years 1 -9 years 
20 -29 years Less than 1 year 
10 -19 years  
 
5. Please kindly indicate from the list below one category which best indicate activity you were engaged in prior to your present 
position 
Working for a water utility Working as a utility contractor 
Working for the River Basin Authority Studying in the university 
Working for the Ministry of Water Resources Working for the NGO 
Working as a Consultant Any other 
 
6. Please kindly indicate from the list below one category which best indicate your age range 
61 – 70 years 31 - 40 
51 -60 21 - 30 
41 - 50 20 and below 
 
 
Section A: (To assess the impacts of climate variability/ extreme events on water utility operations.) 
Instruction: This section consists of 28 questions. Information sought here are basically those that are related to Water supply challenges that are 
attributable to Climate variability or extreme events. Please kindly make a tick (√) in the accompanying box or boxes as instructed under each 
question.  
 
A1.Reduced stream/River flow is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A2.Flooding is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A3.More concentrated and earlier water flow is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A4.Increasing urban demand for water is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
   
A5.Decreasing groundwater/aquifer recharge and quantity is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
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A6.Decreasing surface water quality is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A7.Submersion of water supply facilities by flood is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A8.Change in watershed vegetation and ecology is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A9.Saltwater intrusion or salinity of water supplies is an observed physical change?  
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
 
A10.Damage to water supply facilities is an observed physical change? 
Strongly disagree     Disagree        Uncertain       Agree strongly Agree 
 
  
A11. If saltwater intrusion or salinity of water supplies is an issue; to what extent does it have any impact on your operations?
  
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A12. If flooding is an issue; to what extent does it have any impact on your operations?  
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
 
A13. If drought is an issue, to what extent does it have any impact on your operations? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
    
A14. The impact of flood includes frequent backwashing of filters? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A15. The impact of flood includes frequent adjusting of chemical mixes to deal with prolonged turbidity?  
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A16. The impact of flood includes costs associated with operator overtime?  
No impact Negligible impact Moderate impact Major impact Not Applicable 
      
A17. The impact of flood includes extensive structural damage to components of the water system?  
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A18.The impact of drought includes level of Source River dropping below the sill of the intake structure? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A19.The impact of drought includes frequent adjusting of chemical mixes to deal with concentrated water quality? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
 
A20.The impacts of drought includes rising costs associated with promotional campaigns for water conservation? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
  
A21. The impact of drought includes shutting down of utility operations? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A22.Severe windstorm is another climatic event that impacts on your operation? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
     
A23.Coastal erosion is another climatic event that impacts on your operation? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
                                  
A24.Poor urban planning also combines with climatic events to impact utility operations? 
No impact Negligible impact     Moderate impact Major impact Not Applicable 
                   
A25.Ageing and inadequate infrastructure also combines with climatic events to impact utility operations? 
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No impact Negligible impact Moderate impact Major impact Not Applicable 
                                  
A26.Inadequate financial resources also combine with climatic events to impact utility operations? 
No impact Negligible impact Moderate impact Major impact Not Applicable 
                                  
A27.Militancy and vandalism also combine with climatic events to impact utility operations? 
No impact Negligible impact Moderate impact Major impact  Not Applicable 
                                 
A28. What is the impact of climate events on customer satisfaction?                              
No impact Negligible impact Moderate impact  Major impact Not Applicable 
 
 
Section B: (To gauge the understanding of these impacts by key water utility staff) 
Instruction: This section consists of 8 questions. It seeks to understand the perception and level of awareness of climate science including issues of 
climate variability and extreme events and how climate information are sourced and used by key water utility staff. Please kindly make a tick (√) in the 
accompanying box or boxes as instructed under each question.  
 
B1. Observed changes have occurred in the long term annual rainfall patterns?   
Never A few times Sometimes Most times Always 
 
B2. Our Strategy for drinking water supplies has been based on awareness of climate issues?  
Never A few times Sometimes Most times Always 
 
B3. Our estimates of climate change/variability or extreme events are informed by science? 
Never A few times Sometimes Most times Always 
 
B4. To what extent are relevant tools used in climate-aware risk assessments? 
Never A few times Sometimes Most times Always 
 
B5. To what extent does the utility rely on the local/regional meteorological station for climate information? 
Never A few times Sometimes Most times Always 
 
B6. To what extent does the utility have any collaboration with the Nigerian Meteorological Agency (NIMET)? 
Never A few times Sometimes Most times Always 
 
 B7. NIMET issues official statements on observed climate variability or extreme events trends in the Delta? 
Never A few times Sometimes Most times Always 
 
B8. Adequate information relating to climate change predictions is available in our basin? 
Never A few times Sometimes Most times Always 
 
 
Section C: (To identify the extent of utility vulnerability.) 
Instruction: This section consists of 22 questions. The Identification of extent of utilities vulnerability to external   threats associated with its location 
in the delta environment is the major information being sought here. Please kindly make a single tick (√) in the accompanying boxes.  
 
C1.Our utility professional training programmes include climate related hazard and risk management? 
Never A few times  Sometimes Most times Always 
    
C2. River/Stream/Lake is the primary water source for your utility? 
Never A few times Sometimes Most times Always 
     
C3.Groundwater is the primary water source for your utility? 
Never  A few times Sometimes Most times Always 
    
C4.Desalinized sea water is the primary water source for your utility?  
Never  A few times Some times Most times Always 
    
C5.Inter-basin transfer is the primary water source for your utility? 
Never  A few times Some times Most times Always 
    
C6. The utility’s water source above is most vulnerable to flooding? 
Never A few times Some times Most times Always 
     
C7. The utility’s water source above is most vulnerable to drought? 
Never  A few times Some times Most times Always 
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C8. The utility’s water source above is most vulnerable to saltwater intrusion? 
Never A few times Some times Most times Always 
     
C9. The utility’s water source above is most vulnerable to Nutrient Loading? 
Never  A few times Some times Most times Always 
    
C10. The utility has a climate risk management policy? 
Never  A few times Some times Most times Always 
    
C11. Lack of information in the utility is a major barrier to effective adaptation for climate change? 
Never  A few times Some times Most times Always 
    
C12. Lack of funding/finance in the utility is a major barrier to effective adaptation for climate change? 
Never A few times Sometimes Most times Always 
     
C13. Lack of leadership within utility is a major barrier to effective adaptation for climate change? 
Never  A few times Some times Most times Always 
    
C14. Lack of coordination among government agencies in the watershed is a major barrier to effective adaptation for climate 
change?  
Never  A few times Some times Most times Always 
 
C15. Loans/grants already taken are supporting our climate change adaptation planning in the past 5 – 10 years?  
Never  A few times Sometimes  Most times Always 
   
C16. Loans and grants currently being negotiated will support our climate change adaptation planning in the next 5 – 10 years? 
Never A few times Some times Most times Always 
     
C17. Loans and grants are not part of our climate change adaptation planning in the next 5 – 10 years? 
Never A few times Sometimes Most times Always 
     
C18. Agriculture is the most common economic activity in the watershed? 
Never A few times Sometimes Most times Always 
     
C19.Residential housing is the most common economic activity in the watershed? 
Never A few times Some times Most times Always 
     
C20.Industries is the most common economic activity in the watershed? 
Never  A few times Some times Most times Always 
    
C21.Nature Reserve/Forestry is the most common economic activity in the watershed?  
Never  A few times Some times Most times Always 
    
C22. How regular does the utility adopt standard procedures in assessing how vulnerable its operations are? 
Never  A few times Some times Most times Always 
    
 
Section D: (To assess current utility efforts to address these vulnerabilities.) 
Instruction: This section consists of 20 questions. It seeks to identify actions used or being used by utilities to address these challenges. All questions 
requires you to simply make a tick (√) in the accompanying box or boxes as instructed under each question.    
 
D1. In order to address climate change the utility reduces water supplies? 
Never A few times Sometimes Most times Always 
     
D2. In order to address climate change the utility monitor changes to improve watershed?  
Never A few times Some times Most times Always 
     
D3.In order to address climate change the utility recycles waste water or reuse grey water? 
Never A few times Sometimes Most times Always 
     
D4. In order to address climate change the utility reduces non-revenue water (leakages)? 
Never A few times Some times Most times Always 
     
D5. In order to address climate change the utility increases water treatment capacity? 
Never  A few times  Some times Most times Always 
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D6. In order to address climate change the utility recharges groundwater aquifer? 
Never  A few times Some times Most times Always 
    
D7. In order to address climate change the utility desalinizes seawater? 
Never  A few times Some times Most times Always 
    
D8. In order to address climate change the utility installs flood barriers? 
Never  A few times Some times Most times Always 
    
D9. In order to address climate change the utility increases reservoir storage capacity? 
Never A few times Some times Most times Always 
     
D10.In order to address climate change the utility rationalizes allocation of water supplies? 
Never  A few times Some times Most times Always 
    
D11.In order to address climate change the utility extends network connections? 
Never  A few times Some times Most times Always 
    
D12.In order to address climate change the utility engages in inter-agency networking? 
Never  A few times  Some times Most times Always 
   
D13. In order to address climate change the utility moves facilities to higher ground? 
Never A few times Sometimes Most times Always 
     
D14. To what extent does the utility promote the use of water meters by customers? 
Never A few times Sometimes Most times Always 
 
D15. Does the utility promote water conservation in households? 
Never A few times Sometimes Most times Always 
 
D16. The utility uses a watershed management plan? 
Never A few times Sometimes Most times Always 
     
D17. Investment planning in the utility also incorporates elements of risk management? 
Never A few times Sometimes Most times Always 
     
D18. The water utility has a policy document on Climate Change? 
Never A few times Sometimes Most times Always 
     
D19. New investments have been made by the utility in response to floods or droughts events?   
Never A few times Sometimes Most times Always 
 
D20. The utility’s budgetary allocations provide for Emergency Response and Recovery (ER&R)? 
Never A few times Sometimes Most times Always 
 
Section E: (To assess the appropriateness of approaches identified in Section D above). 
Instruction: This section consists of 5 questions. It seeks to understand how decisions on adaptation are made by the utility. All questions except 
question E1- E2, requires you to simply make a tick (√) in the accompanying box as instructed under each question. In question E1 - E2 you will 
need to write out the answers to the questions as asked.  Please kindly make a single tick (√) in the accompanying box or boxes as instructed under 
questions E3- E5.  
 
E1. Have you ever compared or related your strategy with those of neighbouring utilities?     
Never A few times Sometimes Most times Always 
 
E2. Have you ever adopted or designed any model or frameworks for making decisions in the short and long terms?    
Never A few times Sometimes Most times Always 
 
E3. Technology is a factor in determining flexibility or otherwise of adaptation measures?   
Never A few times Sometimes Most times Always 
     
E4 Finance is a factor in determining flexibility or otherwise of adaptation measures?     
Never A few times Sometimes Most times Always 
     
E5.Staff capacity is a factor in determining flexibility or otherwise of adaptation measures?     
Never A few times Sometimes Most times Always 
357 
 
     
E6.Geography/Location is a   factor in determining flexibility or otherwise of adaptation measures?      
Never A few times Sometimes Most times Always 
 
Section F: (To suggest appropriate adaptation measures.) 
Instruction: This section consists of only 3 questions. It seeks to understand how resilience could be achieved with due cognisance to findings in sections 
A – E above. All questions except question F3 requires you to simply make a tick (√) in the accompanying box as instructed under each question. In 
question F1 -F 2 you will need to kindly make a single tick (√) in the accompanying box.  
 
F1. Are you aware of any planned changes to national policy in the area of drinking – water supply in response to climate change? 
Strongly Unaware Unaware Uncertain Aware Strongly Aware 
 
F2. Are you aware the Delta region urgently needs relevant changes in policy and other legislation in the area of drinking – water 
supply in response to climate change? 
Strongly Unaware Unaware Uncertain Aware Strongly Aware 
 
 
RETURNING THE QUESTIONNAIRE 
Please complete and return the questionnaire while I wait and pick it up immediately. 
 
Thank you very much for your co-operation 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In accordance with the Data Protection Act (1998) any personal information you provide will not be disclosed to third parties in any form. If 
you do not wish to disclose personal details you are not required to do so. 
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Annex 4.4: The Delphi and questionnaire administration protocols compared  
Delphi Use of Questionnaire survey 
The sample design for the Delphi was 
structured to get 8 expert staffs, 1 expert 
contractor and 1 expert consultant from each 
of the 4 selected utilities, giving a total of 40 
experts. In addition for the criteria used for the 
experts for this study, the choice of contractors 
and consultants also included the criteria that 
they must either be consulting or contracting 
for at least 2 of each of the utilities and must 
have been involved in the trade for a period 
not less than 10 years. Out of 40 respondents 
selected only 27 participated in the first and 
second round of the Delphi process. This 
represented 67.5% response rate. In the third 
and final round (where consensus was finally 
established) this number fell to 25 representing 
62.5% response rate. However, it needs to be 
noted that response rates of at least 50 percent, 
60 percent and more  than 70 percent are 
considered adequate, good and very good, 
respectively (Babbie, 1973).   
 The questionnaires used for the Delphi were 
administered 80% by email and 20% by hand. 
While those administered by hand recorded 
100% response rate, those administered by 
email fell short substantially. The use of this 
approach was to easily cover the vast study 
area and allowing the target experts to 
complete them at their own convenience. 
Generally, certain disadvantage associated with 
using mail questionnaires is related to 
obtaining low response rates (Sekaran, 2003). 
The questionnaire administration for this study 
having been preceded by the Delphi process 
enabled some learning of lessons which 
included primarily the need to enhance or 
improve the response rate. To overcome this 
problem the questionnaire was administered 
on a collective situation. In each of the 4 
utilities a total of 8 employees or staffs were 
selected. These also included some of those 
who participated in the preceding Delphi. The 
on-going interest shown by the leadership of 
the utilities on the study enabled them to bring 
together the target staffs together in a room 
during the extended tea break periods. This 
enabled the researcher to explain the questions, 
explaining how they were drawn based on the 
preceding Delphi process carried out in the 
utility. They staffs added missing or missed 
challenges to the questionnaires. The 
completed questionnaires were completed and 
collected on the spot within a short period of 
time.  Unlike the Delphi, the recorded 
response rate varied between 80 - 100%. This 
was so because while the administration was an 
effective success in some utilities, in others 
some of the staffs who collected the 
questionnaires left mid-way with the 
questionnaire promising to complete and 
return them later but never did despite 
numerous reminders.  
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Annex 4.5: Interview schedule and coded data  
Table 4.5a: Interview Analysis: ISWC (A) Section A: Close-ended questions 
Question Respondent responses (Yes = 1, No = 0) QTS 
OQN SN A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 X 
3 1 0 0 0 0 0 0 0 0 0 0 0 
4 2 0 0 0 0 0 0 0 0 1 1 2 
5 3 0 0 0 0 0 0 0 0 0 0 0 
6 4 0 0 0 0 0 0 0 0 0 0 0 
7 5 1 1 1 1 1 0 0 0 0 0 5 
8 6 0 0 0 0 0 0 0 0 0 0 0 
9 7 1 1 1 1 0 0 0 0 1 1 6 
10 8 1 1 1 1 1 0 0 0 0 0 5 
11 9 0 0 0 0 1 1 1 1 1 0 5 
12 10 0 0 0 1 1 1 1 0 0 0 4 
13 11 1 0 1 0 0 1 1 1 0 0 5 
14 12 0 0 0 0 0 0 0 0 0 0 0 
15 13 0 0 0 0 0 0 0 0 0 0 0 
16 14 0 0 0 0 0 0 0 0 0 0 0 
17 15 0 0 0 0 0 0 0 0 0 0 0 
18 16 1 1 1 1 0 0 0 0 0 0 4 
19 17 0 0 0 0 1 1 1 1 1 1 6 
20 18 1 1 1 1 1 1 1 1 1 1 10 
21 19 0 0 0 0 0 0 0 0 0 0 0 
ANALYSIS 6 5 6 6 6 5 5 4 5 4 52 
                   
= 27.4% 
190 
OQN: Original Questionnaire Number; SN: Serial Number; QTS: Questionnaire Total Score; X: Blank Space 
Table 4.5b: Section B: Open – ended Questions 
Question Responses 
What are your thoughts on the relevance of reward system or incentive to risk 
management?   
A1 – A12: To reward excellence, motivate staff, and 
innovation 
What are your thoughts on the relevance of training or capacity building 
opportunities for staff in the context of risk management? 
A1 –A12: To build appropriate capacity 
Why does the utility encourage networking and lateral communication amongst its 
work force? 
A9: To promote camaderie                                                    
A10: To promote team work 
Why do staffs have flexible and changing work schedules/assignments? A1 – A12: They do not have 
Why does the utility have a strategic plan on water demand? A1:To reduce water wastage A2:To optimize supplies 
A3:To promote efficiency A4:To achieve efficiency                
A9 – A10:To make profit   
Why are utility plans and proposals on risk management rarely dominated by 
technology 
A1 – A5: Limited finance and funding 
Why are utility staffs such as operators usually trained and allowed to network and 
take critical decisions on certain occasions? 
A4:To learn more A5:To be accountable for their actions 
A6:To become independent minded A7:To adopt effective 
decision making skills  
Why is the resort to use of chemicals and reagents never a first option in managing 
risk? 
A1, A3, A6 and A7: Very costly in the long run  
Why is stakeholder analysis especially in the watershed always an important 
component of utility risk management? 
A1 – A12: It is important but has never been done here 
Why does the utility have a central unit with specialised sub-units working on 
various types of risks? 
A1 –A12: Does not have 
Why is the awareness of utility staff on climate and environmental issues good? A1 – A12: Makes it easier for everybody to understand the 
risks and challenges we face in the watershed. 
Why do you think that a climate risk management policy is very important for the 
utility? 
See next table. 
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Table 4.5c: Interview Analysis_ CRSWB LTD (B) Section A: Close-ended questions 
Question              Respondent responses (Yes = 1, No = 0) QTS 
OQN SN B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 X 
3 1 0 0 0 0 0 0 0 0 0 0 0 
4 2 1 0 0 0 0 0 0 1 1 1 4 
5 3 0 0 0 0 0 0 0 0 1 1 2 
6 4 1 1 1 1 1 1 0 0 0 0 6 
7 5 1 1 1 1 1 1 1 0 0 0 7 
8 6 0 0 0 0 0 0 0 0 0 0 0 
9 7 1 1 1 1 1 1 1 1 1 0 9 
10 8 0 0 0 0 0 1 1 1 1 1 5 
11 9 1 1 1 1 1 1 0 0 0 0 6 
12 10 1 1 1 1 1 0 0 0 0 0 5 
13 11 0 0 0 0 0 0 0 0 1 1 2 
14 12 0 0 0 0 0 0 0 0 0 1 1 
15 13 0 0 0 0 0 0 0 0 0 0 0 
16 14 1 1 1 0 0 0 0 0 0 0 3 
17 15 0 0 0 0 0 0 0 0 0 0 0 
18 16 1 1 1 1 1 1 1 1 1 1 10 
19 17 1 1 1 1 1 1 1 0 0 0 7 
20 18 1 1 1 1 1 1 1 1 1 1 10 
21 19 1 1 1 1 1 0 0 0 0 0 5 
ANALYSIS 11 10 10 9 9 8 6 5 7 7 82 
                   
43.2% 
190 
OQN: Original Questionnaire Number; SN: Serial Number; QTS: Questionnaire Total Score; X: Blank Space 
Table 4.5d: Section B: Open – ended Questions 
Question Responses 
What are your thoughts on the relevance of reward system or incentive to risk 
management?   
B1 – B12: Source of encouragement to do well 
What are your thoughts on the relevance of training or capacity building 
opportunities for staff in the context of risk management? 
B1 – B12: Supports us to do our work well 
Why does the utility encourage networking and lateral communication 
amongst its work force? 
B1:To build team work                                                            
B9 - B10: To encourage on the job training and learning                                            
Why do staffs have flexible and changing work schedules/assignments? B1- B6: To have multiple skills                                      
Why does the utility have a strategic plan on water demand? B1 – B9: To improve service efficiency              
Why are utility plans and proposals on risk management rarely dominated by 
technology 
B6 – B10: Because we aim to save cost 
Why are utility staffs such as operators usually trained and allowed to network 
and take critical decisions on certain occasions? 
B1 – B5: To be accountable for their actions  
Why is the resort to use of chemicals and reagents never a first option in 
managing risk? 
B9 – B10: It can’t solve the main problem  
Why is stakeholder analysis especially in the watershed always an important 
component of utility risk management? 
B10: It enables us locate or identify potential problems 
Why does the utility have a central unit with specialised sub-units working on 
various types of risks? 
B1 – B12: Nothing like that here 
Why is the awareness of utility staff on climate and environmental issues 
good? 
B1 – B7: Because they are keen to learn. 
Why do you think that a climate risk management policy is very important for 
the utility? 
See next table. 
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Table 4.5e: Interview Analysis_ RSWB (C)                                                                                                                                                           
Section A: Close-ended questions 
Question              Respondent responses (Yes = 1, No = 0) QTS 
OQN SN C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 X 
3 1 0 0 0 0 0 0 0 0 0 0 0 
4 2 0 0 0 0 0 0 0 0 0 1 1 
5 3 0 0 0 0 0 0 0 0 0 0 0 
6 4 0 0 0 0 0 0 0 0 0 1 1 
7 5 0 0 0 0 0 0 0 0 0 0 0 
8 6 0 0 0 0 0 0 0 0 0 0 0 
9 7 1 1 1 1 1 0 0 0 0 0 5 
10 8 1 1 1 1 1 1 1 1 1 1 10 
11 9 0 0 0 0 0 0 0 0 0 0 0 
12 10 1 1 1 0 0 0 0 0 0 0 3 
13 11 1 1 1 1 1 1 1 1 1 1 10 
14 12 1 1 1 1 0 0 0 0 0 0 4 
15 13 0 0 0 0 0 0 0 0 0 0 0 
16 14 0 0 0 0 0 0 0 0 0 0 0 
17 15 0 0 0 0 0 0 0 0 0 0 0 
18 16 0 0 0 0 0 0 0 0 0 0 0 
19 17 0 0 0 0 0 0 0 0 0 0 0 
20 18 1 1 1 1 1 1 1 1 1 1 10 
21 19 0 0 0 0 0 0 0 0 0 0 0 
ANALYSIS 6 6 6 5 4 3 3 3 3 5 44 
23.2% 
 
190 
OQN: Original Questionnaire Number; SN: Serial Number; QTS: Questionnaire Total Score; X: Blank Space 
Table 4.5f: Section B: Open – ended Questions 
Question Responses 
What are your thoughts on the relevance of reward system or incentive to risk 
management?   
C1 – C12:  Staff motivation 
What are your thoughts on the relevance of training or capacity building 
opportunities for staff in the context of risk management? 
C1 – C12: Capacity building 
Why does the utility encourage networking and lateral communication amongst 
its work force? 
C1 – C5: Team work 
Why do staffs have flexible and changing work schedules/assignments? C1 – C12: To train staffs across board 
Why does the utility have a strategic plan on water demand? C1 – C3: To achieve efficiency                 
Why are utility plans and proposals on risk management rarely dominated by 
technology 
C1 – C4: We can’t afford it 
Why are utility staffs such as operators usually trained and allowed to network 
and take critical decisions on certain occasions? 
C1 – C12: To adopt effective decision making skills  
Why is the resort to use of chemicals and reagents never a first option in 
managing risk? 
C1 – C12: We need to understand the problem first  
Why is stakeholder analysis especially in the watershed always an important 
component of utility risk management? 
C1 – C4: Supports us to identify the problem  
Why does the utility have a central unit with specialised sub-units working on 
various types of risks? 
C1 –C12: Does not have 
Why is the awareness of your utility staffs on climate and environmental issues 
good? 
C1 – C6: We train them                                             C7 – 
C12: They are graduates 
Why do you think that a climate risk management policy is very important for 
the utility? 
See next table. 
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Table 4.5g: Interview Analysis_ BYSWB (D)                                                                                                                                
Section A: Close-ended questions 
Question              Respondent responses (Yes = 1, No = 0) QTS 
OQN SN D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 X 
3 1 0 0 0 0 0 0 0 0 0 0 0 
4 2 0 0 0 0 0 0 0 0 0 0 0 
5 3 0 0 0 0 0 0 0 0 0 0 0 
6 4 0 0 0 0 0 0 0 0 0 0 0 
7 5 0 0 0 0 0 0 0 0 0 0 0 
8 6 0 0 0 0 0 0 0 0 0 0 0 
9 7 1 1 1 1 1 1 1 1 1 1 10 
10 8 0 0 0 0 0 0 0 1 1 1 3 
11 9 0 0 0 0 0 0 0 0 0 0 0 
12 10 0 0 0 0 0 0 1 1 1 1 4 
13 11 0 0 0 0 0 0 1 1 1 1 4 
14 12 0 0 0 0 0 0 0 0 0 1 1 
15 13 0 0 0 0 0 0 0 0 0 0 0 
16 14 0 0 0 0 0 0 0 0 0 0 0 
17 15 0 0 0 0 0 0 0 0 0 0 0 
18 16 1 1 1 1 1 1 0 0 0 0 6 
19 17 1 1 1 1 1 0 0 0 0 0 5 
20 18 1 1 1 1 1 1 1 1 1 1 10 
21 19 0 0 0 0 0 0 0 0 0 0 0 
ANALYSIS 4 4 4 4 4 3 4 5 5 6 43 
                   
22.63% 
190 
OQN: Original Questionnaire Number; SN: Serial Number; QTS: Questionnaire Total Score; X: Blank Space 
Table 4.5h: Section B: Open – ended Questions 
Question Responses 
What are your thoughts on the relevance of reward system or incentive to risk 
management?   
D1 – D12: To reward excellence and motivate staff 
What are your thoughts on the relevance of training or capacity building 
opportunities for staff in the context of risk management? 
D1 – D12: To build staff  capacity 
Why does the utility encourage networking and lateral communication 
amongst its work force? 
D1 – D12 : Not here                                          
Why do staffs have flexible and changing work schedules/assignments? D1 – D12: Not here 
Why does the utility have a strategic plan on water demand? D1 – D12: A1:To reduce water wastage   
Why are utility plans and proposals on risk management rarely dominated by 
technology 
D7 – D10: Very costly but often used for the long term 
Why are utility staffs such as operators usually trained and allowed to network 
and take critical decisions on certain occasions? 
D7 –D10 : To become independent minded  
Why is the resort to use of chemicals and reagents never a first option in 
managing risk? 
D7 – D10: Would waste chemicals  
Why is stakeholder analysis especially in the watershed always an important 
component of utility risk management? 
D10: Enables us to identify trouble spots 
 
Why does the utility have a central unit with specialised sub-units working on 
various types of risks? 
D1 – D12: Does not have 
Why is the awareness of your utility staffs on climate and environmental 
issues good? 
D1 – D5: They are all graduates and engineers 
Why do you think that a climate risk management policy is very important for 
the utility? 
See next table. 
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Annex 4.6: Tables of Cross Tabulations of questionnaire responses  
Table 4.6a Cross-tabulation of identified impacts across the utilities 
 
Extreme Event 
Utility 
Mean score {Standard Deviation} 
ISWC (n=8) CRWB (n=8) RSWB (n=8) BYSWB (n=8) 
1)Salt water intrusion 3.50 {.535} 4.75 {.463 } 4.25 {.463} 4.75 {.463} 
2)Increasing urban demand for water 4.75 {.463} 4.63 {.518} 4.88 { .354} 4.25 {.463} 
3)Increasing O & M 4.50 {.535} 4.38 {.518 } 4.88 {.354} 4.00 {.000} 
4)Decreasing surface water quality 4.38 {.518} 4.50 {.535} 2.50 { .463} 3.75 {.463} 
5)Increasing rainfall intensity (mm per hour) 4.38 {.518} 4.38 {.518} 5.00 {.000} 4.50 {.535} 
6)Unstable annual rainfall 4.25 {.707} 4.75 {.463 } 5.00 {.000} 4.50 {.535} 
7)Iron contamination 4.13 {.354} 4.50 {.535} 4.38 {.518} 4.75 {.463} 
8)Land erosion 4.88 {.354} 4.38 {.744 } 3.00 {.000} 4.25 {.463 } 
9)Change in watershed vegetation 4.25 {.463} 4.38 {.518 } 4.63 {.518} 4.38 {.518} 
10)Land inundation 3.75 {.463} 4.63 {.518} 3.88 {.835} 5.00 {.000} 
11)Inaccurate climate modelling and planning 
difficulty 
4.13 {.354} 4.00 {.000} 4.88 {.354} 4.63 {.518 } 
12)Damage to water supply facilities 2.63 {.518} 3.38 {.518} 4.00 {.000} 4.13 {.354} 
13)Submersion of water supply facilities 3.13 {.354} 3.50 {.535} 3.25 {.463} 5.00{.000} 
14)Decreasing GW/Aquifer recharge 2.25 {.463} 2.38 {.518} 4.75 {.535} 2.00 {.000} 
15)Coastal erosion 1.00 {.000} 4.00 {.000 } 3.00 {.000} 2.00 {.000} 
16)Landslide 4.25 {.463} 3.75 {.463} 3.00 {.000} 2.00 {.000} 
17)Earlier water flow 2.63 {.518} 3.50 {.926} 2.00 {.000} 2.00 {.000} 
18)Land subsidence 2.25 {.463} 2.25 {.463} 2.00 {.000} 2.00 {.000} 
19)Sea level rise 1.00 {.000} 3.00 {.000} 3.00 {.000} 3.25 {.707} 
20)Reduced stream/River flow 3.00 {.535} 3.00 {1.069} 2.00 {.000} 2.00 {.000} 
21)Flooding 4.63 {.518} 5.00 {.000 } 5.00 {.000} 5.00{.000} 
22)Flooding_ backwashing of filters 3.88 {.354} 4.88 {.354 } 2.63 {.518} 2.00 {.000} 
23)Flooding_ chemical mixes to deal with 
prolonged turbidity 
4.38 {.518} 5.00 {.000} 2.75 {.463} 3.00 {.000 } 
24)Flooding_ costs associated with operator 
overtime 
3.50 {.535} 5.00 {.000} 3.00 {.000 } 3.25 {.463} 
25)Flooding_ extensive structural damage to 
components of the water system 
3.50 {.535} 4.38 {.518} 3.75 {.463} 3.88 {.354} 
26)Ageing and inadequate infrastructure 
combines with CC 
4.75 {.463} 3.75 {.463} 4.25 {.463} 4.13 {.354 } 
27)Inadequate financial resources combines 
with CC 
4.63 {.518} 3.25 {.463} 4.00 {.000} 4.00 {.000} 
28)Militancy and Vandalism 1.50 {535} 1.38 { .518} 2.50 { .535} 2.00 {.000} 
29)Customer satisfaction 3.88 {.354} 2.38 {.518} 3.63 {.518} 2.50 {.535} 
30)More concentrated water flow 2.38 {.518} 2.00 {.000} 1.00 {.000} 2.00 {.000} 
31)Ocean surge 1.00 {.000} 3.25 {.463} 3.00 {.000 } 3.88 {.991} 
32) Rain storm 2.50 {.535} 3.63 {.518} 3.38 {.518} 4.25 {.463} 
No Impact =1.00 – 1.49, Negligible Impact =1.50 – 2.49, Moderate Impact = 2.50 – 3.49, Major Impact = 3.50 – 4.49, Excessive Impact = 4.50 -
5.00 
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Table 4.6b: Cross tabulation of source of understanding of climate impacts 
What is the understanding of these impacts by key water 
utility staff? 
Utility 
Mean score {Standard Deviation} 
ISWC CRSWB RSWB BSWB 
1) Observed changes have occurred in the long term annual rainfall 
patterns? 
4.50 {.535} 4.25 {.463} 4.88 {.354} 5.00 {.000} 
2) Our strategy for drinking water supplies is done unaware of 
climate issues? 
4.75 {.463} 2.88 {.354} 4.88 {.354} 4.88 {.354} 
3) Our estimates of climate variability is uninformed by science? 4.00 {.535} 2.50 {.535} 4.25 {.463} 4.50 {.535} 
4) Inadequate information relating to climate variability is common in 
our basin? 
4.25 {.463} 2.38 {.518} 4.13 {.641} 3.25 {1.165} 
5) The Utility relies on unscientific sources for climate information? 3.63 {.513} 2.25 {.463} 3.38 {.518} 3.87 {.835} 
6) Irrelevant tools are used in climate-aware risk assessment? 3.25 {1.909} 1.88 {.354} 2.75 {.463} 3.50 {1.309} 
7) The Utility is unaware of official statements by NIMET on climate 
variability? 
3.50 {.535} 1.13 {.354} 3.25 {.463} 1.63 {1.188} 
8) The Utility distrusts information from the Nigerian Meteorological 
Agency (NIMET)? 
2.38 {.518} 1.13 {.354} 3.00 {.000} 2.25 {.463} 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
Table 4.6c: Cross tabulation of extent of utility vulnerability 
What is the extent of utility vulnerability? Utility 
Mean score {Standard Deviation} 
ISWC CRSWB RSWB BSWB 
1) The limited runoff capacity of urban drainage system is a barrier to 
managing flood? 5.00{.000} 
4.38{.744} 4.50{.926} 5.00{.000} 
2) Inadequate coordination among government agencies in the 
watershed is a barrier to adaptation planning? 5.00 {.000} 
1.75{.463} 4.75{.463} 4.25{.707} 
3) Absence of effective leadership within utility is a barrier to 
adaptation planning? 5.00{.000} 
2.13{.354} 4.88{.354} 4.63{.518} 
4) Limited funding is a barrier to adaptation planning? 
5.00{.000} 
1.75{.463} 4.88{.354} 4.88{.354} 
5) Inadequate climate information in the utility is a barrier to 
adaptation planning? 4.88{.354} 
3.13{.354} 3.75{.463} 4.38{.744} 
6) Lack of skilled manpower in critical areas is a barrier to adaptation 
planning? 4.75{.463} 
2.25{.463} 4.13 {.354} 4.50{.535} 
7) Residential housing dominates the watershed? 
4.63{.518} 
2.38{.518} 5.00{.000} 3.50{1.604} 
8) The utility's water source is vulnerable to nutrient loading? 
4.63{.518} 
3.63{.916} 4.88{.354} 4.88{.354} 
9) Absence of water safety plan limits utility capacity for quality 
control? 4.63{.518} 
1.38{.518} 4.25{.463} 4.50{.535} 
10) Absence of policy and institutional reforms is a barrier to 
adaptation planning? 4.50{535} 
2.63{.916} 4.38{.744} 4.25{.707} 
11) Improper collection and disposal of municipal sewage and solid 
waste is a barrier to adaptation planning? 4.38{.518} 
2.38{.518} 4.00{.000} 4.50{.535} 
12) Absence of requisite data and documentation is a barrier to 
adaptation planning? 4.13{.354} 
2.25{.707} 4.13{.354} 4.75{.463} 
13) The absence of climate risk management policy limits adaptation 
planning? 4.13{.991} 
2.50{.756} 3.88{.354} 4.25{.707} 
14) High cost of infrastructure is a barrier to adaptation planning? 
4.00{.000} 
3.25{.707} 4.00{.000} 4.75{.463} 
15) Absence of climate related hazard and risk management 
professional training programme limits adaptation planning? 4.00{.000} 
2.25{.463} 4.25{.463} 4.50{.535} 
16) Vulnerability assessment is an uncommon practice in the utility? 
3.75{707} 
2.75{.463} 3.25{.707} 2.62{.744} 
17) Agricultural activities dominate the watershed? 
3.63{518} 
3.25{.886} 2.25{.463} 2.50{.535} 
18) Absence of capacity to secure loans or grants limits adaptation 
planning? 3.63{518} 
1.63{.518} 3.50{.535} 3.75{.707} 
19) Industrial activities dominate the watershed? 
3.25{.463} 
2.63{.518} 3.38{.518} 2.63{.916} 
20) The utility's water source is vulnerable to flooding? 
2.63{.518} 
5.00{.000} 4.38{.518} 5.00{.000} 
21) Nature reserve and forests dominate the watershed? 
2.50{.535} 
2.50{.535} 1.00{.000} 2.13{1.553} 
22) All or any of – limited service coverage, intermittent supplies and 
growing public scorn is a barrier to adaptation planning? 2.38{.518} 
1.75 {1.035} 1.88{.354} 3.38{1.768} 
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23) The utility's water source is vulnerable to saltwater intrusion? 
2.38{.518} 
3.25 {.463} 4.50{.756} 5.00{.000} 
24) The activities of Non-State Water Service Providers are a barrier 
to adaptation planning? 2.25{.463} 
2.25{.463} 2.38{.518} 4.25{1.035} 
25) Utility facilities are generally located on low grounds? 
1.25{.463} 
3.25{.707} 2.75{.886} 4.88{.354} 
26) The utility's water source is vulnerable to drought? 
1.00{.000} 
1.00{.000} 1.13{.354} 1.00{.000} 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
Table 4.6d: Cross tabulation of current efforts to address vulnerabilities: 
What are current utility efforts to address these 
vulnerabilities? 
Utility 
Mean score {Standard Deviation} 
ISWC CSWB RSWB BSWB 
1)In order to address climate change the utility reduces water 
supplies? 
1.88{.991} 1.25{.707} 1.00{.000} 1.38{.518} 
2)In order to address climate change the utility monitor changes to 
improve watershed? 
2.38{1.768} 2.00{1.852} 2.50{1.309} 2.00{1.309} 
3)In order to address climate change the utility recycles waste water 
or reuse grey water? 
1.00{.000} 1.00{.000} 1.00{.000} 1.75{1.035} 
4)In order to address climate change the utility reduces non-revenue 
water (leakages)? 
3.00{1.690} 3.63{1.923} 1.38{.518} 2.50{1.195} 
5)In order to address climate change the utility increases water 
treatment capacity? 
2.13{1.356} 2.25{1.832} 2.38{1.302} 2.00{.756} 
6)In order to address climate change the utility recharges 
groundwater aquifer? 
1.00{.000} 1.13{.354} 1.00{.000} 1.25{.707} 
7)In order to address climate change the utility desalinizes seawater? 1.00{.000} 1.00{.000} 1.00{.000} 1.25{.707} 
8)In order to address climate change the utility installs flood barriers? 1.13{.354} 1.50{1.414} 1.00{.000} 1.25{.463} 
9)In order to address climate change the utility increases reservoir 
storage capacity? 
1.88{1.356} 1.87{1.642} 2.88{1.553} 1.25{463} 
10)In order to address climate change the utility rationalizes 
allocation of water supplies? 
2.62{1.768} 2.13{1.808} 2.75{1.488} 2.63{1.996} 
11)In order to address climate change the utility extends network 
connections? 
2.75{1.669} 3.50{2.070} 2.25{1.165} 1.25{.463} 
12)In order to address climate change the utility engages in inter-
agency networking? 
1.88{.354} 3.13{2.031} 2.00{.535} 2.00{1.414} 
13)In order to address climate change the utility moves facilities to 
higher ground? 
1.00{.000} 1.00{.000} 1.88{.535} 2.00{1.604} 
14)To what extent does the utility promote the use of water meters 
by customers? 
1.87{1.356} 4.50{1.414} 1.50{.756} 1.13{.354} 
15)Does the utility promote water conservation in households? 2.25{1.282} 3.50{1.414} 1.75{1.165} 1.87{1.458} 
16)The utility uses a watershed management plan? 1.38{.518} 1.75{.463} 1.00{.000} 1.13{.354} 
17) Investment planning in the utility also incorporates elements of 
risk management? 
2.25{1.282} 2.00{.577} 2.50{.926} 1.50{.535} 
18) The water utility has a policy document on Climate Change? 1.50{1.414} 1.75{.707} 1.38{.518} 1.13{.354} 
19) New investments have been made by the utility in response to 
floods or droughts events?   
1.25{.463} 1.38{.744} 1.25{.463} 1.38{.744} 
20) The utility’s budgetary allocations provide for Emergency 
Response and Recovery (ER&R)? 
1.38{.518} 1.25{.707} 1.50{1.069} 1.75{1.389} 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
 
Table 4.6e: Cross tabulation of appropriateness of identified approaches 
How appropriate are approaches identified in Section 
D above? 
Utility 
Mean score {Standard Deviation} 
ISWC CRSWB RSWB BSWB 
1) Have you ever compared or related your strategy with 
those of neighbouring utilities?     
1.88{835} 1.75{1.165} 2.88{1.356} 1.75{1.165 
2) Have you ever adopted or designed any model or 
frameworks for making decisions in the short and long 
terms?    
1.00{.000} 1.87{1.356} 1.63{.518} 2.00{1.604} 
3) Technology is a factor in determining flexibility or 
otherwise of adaptation measures?   
3.63{.744} 3.13{2.031} 4.13{.354} 3.38{1.768} 
4) Finance is a factor in determining flexibility or otherwise 
of adaptation measures?     
4.75{.707} 1.50{1.069} 4.00{.000} 3.38{1.768} 
5) Staff capacity is a factor in determining flexibility or 
otherwise of adaptation measures?     
4.00{.535} 1.50{1.069} 4.00{.000} 3.38{1.768} 
6) Geography/Location is a   factor in determining flexibility 3.25{.707} 1.75{1.488} 3.63{.518} 3.00{1.604} 
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or otherwise of adaptation measures?     
7) Are you aware of any planned changes to national policy 
in the area of drinking – water supply in response to climate 
change? 
2.13{.641} 3.50{.535} 3.63{.744} 2.38{1.188} 
8) Are you aware the Delta region urgently needs relevant 
changes in policy and other legislation in the area of drinking 
– water supply in response to climate change? 
2.00{.756} 4.13{1.642} 4.00{535} 4.13{.641} 
Never =1.00 – 1.49, A few time =1.50 – 2.49, Sometimes = 2.50 – 3.49, Most times = 3.50 – 4.49, Always = 4.50 -5.00 
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Annex 5. 
 
Annex 5.1: Table S4 (Clegg, 1994) 
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Annex 5.2. Summary of findings across the utilities: 
Table 5.2a: Summary of findings @ Imo State Water Corporation (ISWC), Owerri 
Research Question Summary of findings 
a)What are the 
impacts of climate 
variability/extreme 
events on water 
utility operations? 
 
The utility is reasonably exposed to various impacts from extreme events with associated 
impacts and implications. A sample mean score of 3.42 over 5.00 was recorded over a range 
of issues even well outside the confines of climate extremes as posing threats to utility 
operations. Based on interpretations derived from table 5.1, it can be concluded that manifest 
impacts of climate variability/ extreme events on ISWC operations or water services are 
largely those of impact 3 and 3+ categories. The effect of these impacts includes shutting 
down of ISWC operations for hours to days. In effect, as a result of these impacts, water 
services are no longer provided on a 24/7 bases. Also, the ISWC currently expends huge 
amount of its limited resources (material and human) on these impacts. ‘‘Impacts’’ in this 
context means recent or observed consequences of extreme events. With flooding as a 
category 3+ impact in addition to inadequate financial resources, combined with ageing and 
inadequate infrastructure, it is probable that the greatest effect of extreme events is on water 
quality. This is decipherable from the cost implications where the ISWC currently lacks 
financial resources. Also ISWC failure to meet increasing urban demand for water (also a 
category 3+ impact) means that its potentials for revenue generation are shrinking.  
b) How do key 
water utility staffs 
understand these 
impacts? 
A score of 3.75 over 5.00 was recorded and is indicative of major absence of credible 
knowledge source. For ISWC, the general understanding of these impacts has come primarily 
through physical observations. Strategic learning via science-based details derived from 
perhaps research, journal articles or attendance of national or international conferences is 
generally lacking. The use of the services of NIMET or other climate modelling tools is 
generally absent. Though there is a disputation on the adequacy and accuracy of NIMET 
information, but the extent of rigorous use and reliance on what exist is generally absent. 
c) What is the 
extent of utility 
vulnerability? 
The absence of scheduled staff trainings to build capacity, degraded watersheds, rising rate on 
non-green infrastructure and concrete/paved surfaces (urbanization), limited information via 
research, nutrient loading, limited revenue and subsidies, inept leadership, ageing 
infrastructure, lack of coordination amongst government agencies, and absence of a clear 
policy guideline on risks and uncertainties etc. prevail in the utility and largely underscores its 
vulnerability.  
d)What are current 
utility efforts to 
address these 
vulnerabilities? 
In a scale of 20 indicators to measure current utility efforts to address these vulnerabilities 
only 3 scored above 2.50 in a categorical scale that had the highest ranking being 5.0. The 
average score here is 1.77 over 5.00. This score is indicative of less adequate efforts on the 
part of the utility to address its vulnerabilities. These 3 indicators are utility efforts to reduce 
NRW, the rationalization of supply allocation, and extension of network connections to 
otherwise wasteful users such as car washers and urban agriculturists etc. 
e) How appropriate 
are identified 
approaches? 
The appropriateness of approaches adopted or already in place at ISWC had a score of 2.83 
over 5. And indicates moderate appropriateness. Utility identified finance, staff capacity, 
technology, and geography (in that order) as being critical in developing appropriate 
adaptation measures. Approaches identified in ‘‘d’’ above are appropriate as the offer a start 
point and enables the utility generate additional revenue while achieving supply efficiency. 
f) What appropriate 
adaptation 
measures can be 
suggested? 
Key utility personnel were able to identify a range of possible adaptation measures capable of 
mitigating and helping to manage identified problems. They consist of  the hiring and 
recruitment of suitably qualified staff to man strategic vacant or new positions, the use of 
efficient and effective meteorological services, increase in the budgetary allocation to the 
utility by the owners- the Imo State government, development of a climate risk management 
strategy to guide utility operations, increasing the capacity of the water treatment plant, 
reduction of leakages or NRW, capacity building programs for all category of staffs, 
improving watershed through regular monitoring, installing flood barriers, use of information 
and technological tools and software, awareness creation and inter-agency coordination etc.   
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Table 5.2b: Summary of findings @ Cross River State Water Board (CRSWB) Ltd, Calabar 
Research Question Summary of findings 
a)What are the 
impacts of climate 
variability/extreme 
events on water utility 
operations? 
 
CRSWB Ltd is currently having difficulties with identified impacts. A score of 3.81 over 5 
on an ordinal mean scale is indicative of a major impact. Based on interpretations derived 
from table 5.1, it can be concluded that impacts listed on table 5.3 are more on the 
categories 3+ and 3 scales. The concentration of flood events and its combination with salt 
water intrusion and (iron contamination) shows that water quality suffers greatly from 
extreme events. Also, the decreasing surface water quality can be attributed to these flood 
events (category 3+) acting in combination with increasing rainfall intensity, change in 
watershed vegetation and land erosion. The overall implication is the major impacts these 
are having on O&M costs (also a category 3 impacts). 
b) How do key water 
utility staffs 
understand these 
impacts? 
The utility scored 2.30 on a scale that basically measured limited use or the lack of credible 
source for knowledge and information. This score is indicative of less adequate effort.  The 
general understanding of these impacts has come primarily through a combination of 
physical observations and informed awareness. Some extent of strategic learning via science-
based details derived from the services of NIMET is available.  
c) What is the extent 
of utility 
vulnerability? 
The absence of scheduled staff trainings to build capacity, degraded watersheds, rising rate 
on non-green infrastructure and concrete/paved surfaces (urbanization), limited 
information via research, nutrient loading, limited revenue and subsidies, lack of 
coordination amongst government agencies, and absence of a clear policy guideline on 
climate risks and uncertainties etc. prevail in the utility and largely underscores its 
vulnerability.  
d) What are current 
utility efforts to 
address these 
vulnerabilities? 
In a scale of 20 indicators to measure current utility efforts to address these vulnerabilities 
only 5 scored above 2.50 in a categorical scale that had the highest ranking being 5.0.The 
mean score here is 2.07 which indicates less adequate efforts and these are utility efforts to 
reduce NRW, the extension of network connections to otherwise wasteful users such as car 
washers and urban agriculturists, inter-agency networking and water conservation 
promotion etc. 
e) How appropriate 
are identified 
approaches? 
Utility identified technology, geography, finance, and staff capacity, (in that order) as being 
critical in developing appropriate adaptation measures. Approaches identified in ‘‘d’’ above 
are appropriate as they are relatively cheaper and affordable to pursue without so much cost 
exertion on the utility, moreover  they offer the utility opportunity to increase its revenue 
while achieving supply efficiency. A score of 2.20 is indicative of less adequate effort of  
appropriateness of approaches. 
f) What appropriate 
adaptation measures 
can be suggested? 
Key utility personnel were able to identify a coterie of possible adaptation measures capable 
of mitigating and helping to manage identified problems. They consist of  hiring and 
recruiting of suitably qualified staff to man strategic vacant or new positions, the use of 
efficient and effective meteorological services, restoration of coastal wetlands, increase in 
budgetary allocation by owners-the Cross River State Government, development of a 
climate risk management to guide strategy, improving watershed via monitoring, installation 
of flood barriers, improving city planning, increasing capacity of the water treatment plant, 
reduction of water leakages or NRW, capacity building of staff, movement of facilities to 
higher ground, improving inter-agency coordination, updating utility’s IT infrastructure, 
building of additional reservoirs, rationalization of water supplied to households, and 
awareness creation and involvement of utility customers on adaptation programs etc. 
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Table 5.2c: Summary of findings @ River State Water Board (RSWB), Port Harcourt 
Research Question Summary of findings 
a)What are the 
impacts of climate 
variability/extreme 
events on water utility 
operations? 
 
A mean score of 3.53 was recorded for RSWB, which is indicative of major impact. Key 
utility personnel were able to identify a coterie of these impacts. Based on interpretations 
made from table 5.1 and table 5.4, it can be summarised that all the risk categories are 
manifest at RSWB. The effect is that water services are hardly supplied 24/7 and that 
quality, Cost and Time are issues of growing concern in RSWB. Increasing O&M as a 
category 3+ combines with inadequate financial resources, (a category 3 impact) to 
exacerbate other high rate impacts especially inaccurate climate modelling/planning 
difficulties, flooding, salt water intrusion and watershed degradation. The overall impacts 
here are those of cost and quality. This is so because the co-evolution of salt water 
intrusion, iron contamination and ageing/inadequate infrastructure means that quality is 
under severe threat/stress. Also, this combines with flooding and high intensity rainfalls 
(3+) to impair water quality. The resources in terms of cost implications to improve the 
situation are already a major issue as recorded on increasing operation and maintenance 
(O&M) costs.  
b) How do key water 
utility staffs 
understand these 
impacts? 
 The understanding of these impacts has come through a combination of physical 
observations and use of appropriate tools. Strategic learning via science-based details 
derived from perhaps research, journal articles or attendance of national or international 
conferences is to some limited extent available. There is on-going moderate use and reliance 
on the services of NIMET or other climate modelling tools. A mean score of 3.81 is 
indicative of the major absence of credible source of information and knowledge. 
c) What is the extent 
of utility 
vulnerability? 
The absence of scheduled staff trainings to build capacity, reliance on a single source for 
raw water abstraction(ground water), degraded watersheds, rising rate on non-green 
infrastructure and concrete/paved surfaces, limited information via research, nutrient 
loading, limited revenue and subsidies, inept leadership, ageing infrastructure, lack of 
coordination amongst government agencies, and absence of a clear policy guideline on risks 
and uncertainties etc. prevail in the utility and largely underscores its vulnerability.  
d)What are current 
utility efforts to 
address these 
vulnerabilities? 
A score of 1.69 over 5.00 here is indicative of inadequate efforts on the part of the utility. In 
a total of 20 variables to measure current utility efforts to address these vulnerabilities only 3 
scored above 2.50 in a categorical scale that had the highest ranking being 5.0. These 3 
indicators are utility efforts to improve watershed, increase reservoir storage and the 
rationalization of supply allocation etc. 
e) How appropriate 
are identified 
approaches? 
Identified approaches in the utility had a score of 3.48 which is indicative that it is moderate. 
Utility identified technology, finance, staff capacity, and geography, (in that order) as being 
critical in developing appropriate adaptation measures. Approaches identified in ‘‘d’’ above 
are appropriate as they are relatively cheaper and affordable to pursue without so much cost 
exertion on the utility, moreover  they offer the utility opportunity to increase its revenue 
while achieving supply efficiency. 
f) What appropriate 
adaptation measures 
can be suggested? 
Key utility personnel were able to identify a coterie of possible adaptation measures capable 
of mitigating and helping to manage identified problems. They consist of  hiring and 
recruiting of suitably qualified staff to man strategic vacant or new positions, the movement 
of utility facilities to higher grounds, use of efficient and effective meteorological services, 
restoration of coastal wetlands, capacity building for utility staffs, developing a climate risk 
management strategy to guide utility operations, improving watersheds, installing flood 
barriers, improving city planning, increasing water treatment capacity, reduction of water 
leakages or NRW, improving inter-agency coordination, increase in budgetary allocation, 
updating and improving utility’s IT infrastructure and software etc. 
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Table 5.2d: Summary of findings @ Bayelsa State Water Board (BYSWB), Yenagoa 
Research Question Summary of findings 
a)What are the impacts 
of climate 
variability/extreme 
events on water utility 
operations? 
 
A mean score of 3.53 over 5 here is indicative of identified impacts having a major impact. 
Based on interpretations made from table 5.1 and table 5.5, it is decipherable that water 
quality suffers serious impairment at BYSWB more than any of the studied utilities. At 
BYSWB, flooding, salt water intrusion, iron contamination, submersion of water supply 
facilities and increasing rainfall intensity (all category 3+ impacts) flux with ageing and 
inadequate infrastructure, rain storm, land erosion and other flood events (all category 3 
impacts). The scenario is such that inadequate financial resources combines with 
increasing O&M (all category 3 impacts) to make quality possibly a major challenge.  
b) How do key water 
utility staffs understand 
these impacts? 
With a sample mean score of 3.61 the source of knowledge here is majorly less credible. 
The understanding of these impacts has come through a combination of physical 
observations and use of appropriate tools. Strategic learning via science-based details 
derived from perhaps research, journal articles or attendance of national or international 
conferences is to some limited extent available. There is on-going moderate use and 
reliance on the services of NIMET or other climate modelling tools. 
c) What is the extent of 
utility vulnerability? 
The absence of scheduled staff trainings to build capacity, reliance on a single source for 
raw water abstraction(ground water), degraded watersheds, rising rate on non-green 
infrastructure and concrete/paved surfaces, limited information via research, nutrient 
loading, limited revenue and subsidies, inept leadership, ageing infrastructure, lack of 
coordination amongst government agencies, and absence of a clear policy guideline on 
risks and uncertainties etc. prevail in the utility and largely underscores its vulnerability.  
d)What are current 
utility efforts to address 
these vulnerabilities? 
The sample means score of 1.62 recorded here is indicative of less adequate utility efforts. 
In a scale of 20 indicators to measure current utility efforts to address these vulnerabilities 
only 2 scored above 2.50 in a categorical scale that had the highest ranking being 5.0. 
These 2 indicators are utility efforts to reduce NRW, and the rationalization of supply 
allocation etc. 
e) How appropriate are 
identified approaches? 
Utility identified technology, finance, staff capacity, and geography, (in that order) as being 
critical in developing appropriate adaptation measures. Approaches identified in ‘‘d’’ above 
are appropriate as they are relatively cheaper and affordable to pursue without so much 
cost exertion on the utility, moreover  they offer the utility opportunity to increase its 
revenue while achieving supply efficiency. The appropriateness of identified approaches 
recorded a sample mean score of 2.92 which is indicative of moderate. 
f) What appropriate 
adaptation measures 
can be suggested? 
Key utility personnel were able to identify a coterie of possible adaptation measures 
capable of mitigating and helping to manage identified problems. They consist of the sue 
of efficient and effective meteorological services, restoration of coastal wetlands, increase 
in budgetary allocation/government subsidy, developing a climate risk management 
strategy, improving watershed, increasing capacity of the water treatment plant, hiring and 
recruiting suitably qualified staff, installing flood barriers, the movement of facilities to 
higher ground, reduction of leakages or NRW, improve inter-agency coordination, 
capacity building for utility staff, improving city planning, use of IT tools, expanding water 
supply services, increasing reservoir capacity, rationalizing the allocation of water etc.  
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5.3: List of Delphi and Questionnaire respondents                                                                                                                                                                                    
No Name Telephone Position/Title Educational 
Qualification 
Gender/Age Length of 
period 
working for 
organisation 
009 
010 
011 
014 
015 
016 
Ibrahim 
Abdullahi 
Emmanuel N. 
Egbi 
Joseph 
A.Ashipu 
Ekong J.Ina 
Finian A. 
Orim 
Ntogha Okoi 
08063600386 
07067054119 
08081017138 
- 
08026643243 
08095447123 
Water Oprtns. 
Mngr. 
Any other 
Personnel Mngr. 
Chief Water 
Engr. 
Asst. Gen. Mngr. 
Technical Mngr. 
B. Engr 
B.L 
BA 
M.Engr 
MSc.Engr 
Bsc/ MBA 
Male (41-50) 
Male (41-50) 
Male (41-50) 
Male (41-50) 
Male (51-60) 
Male (31-40) 
10-19years 
10-19years 
20-29years 
20-29years 
>30years 
10-19years 
001 
002 
002 
004 
005 
006 
007 
008 
Akpuchukwu 
Emeka 
C.Ugoanya 
Zack Ibekwe 
Iheaka 
Anyiam 
H.Ihuoma 
Peter 
Chukwuma 
Chukwudi 
Adiruo 
Eugene Onyeji 
08037753437 
08033410762 
- 
- 
08033381608 
08030833299 
08062328177 
- 
 
Head of Planning 
GM/CEO 
HOD 
Commercial 
Asst.GM 
(Technical) 
Personnel 
Manager 
General Manager 
Operator 
Operator 
- 
Msc Engr. 
- 
B.Engr 
MA Public 
Adm 
Msc Engr 
B.Engr 
- 
- 
Male (41-50) 
- 
Male (41-50) 
Female(41-
50) 
Male(41-50) 
Male (31-40) 
- 
- 
10-19 
- 
20-29 
20-29 
1-9 
1-9 
- 
026 
027 
028 
029 
030 
032 
O.F.Suku-
Ogbari 
Raymond 
Awana 
Bogofanyo A. 
Ikoko 
I.Leonardson 
Daniel T.Ebi 
K.Opia 
08066580258 
08036710469 
08030950306 
08036713260 
08061656434 
- 
Principal Che 
Mngr 
Asst GM 
(Technical) 
- 
Quality Assu. 
Mngr 
Technical Mngr 
- 
B.Engr 
Msc Engr 
Advacnd Dp. 
Bsc Chem 
Bsc Geology 
Bsc Geology 
Male (41-50) 
Male (31-40) 
Male (51-60) 
Male (31-40) 
Male (31-40) 
Male (51-60) 
10-19 
10-19 
>30 
10-19 
1-9 
20-29 
017 
018 
025 
Martin Mmeo 
Bowadua S.N 
Anonymous 
08023232711 
08033091206 
- 
GM/CEO 
HOD 
- 
MSc Engr 
Bsc Engr 
Bsc Engr 
Male (51-60) 
Male (51-60) 
Male (51-60) 
10-19 
20-29 
20-29 
035 
036 
037 
038 
Maduka 
Ernest I. 
B.C.Aneke 
G.Ugwueze 
C.C.Mbachu 
08032870650 
08036664302 
08053322332 
07065672370 
Exec.Dir 
(Services) 
HOD Hydrology 
Managing 
Director 
Asst. Director 
Bsc Soil Sc 
PhD Geol 
Bsc Engr 
Msc Geol 
Male (51-60) 
Male (41-50) 
Male >60 
Male (51-60) 
>30 
10-19 
>30 
>30 
039 
042 
043 
Ima S.Hogan 
Bassey Ekpo 
Sunday John 
Ekoh 
08067479891 
07030348882 
08063922855 
Chief 
Hydrologist 
Asst.Dir.Geology 
Deputy Dir 
(Planng) 
Bsc 
Bsc 
MSc 
Female (41-
50) 
Male (41-50) 
Male (51-60) 
1-9 
20-29 
10-19 
045 
046 
048 
Azikiwe M.C 
D.C.Akpuruka 
Mark 
Derefaka 
08067983308 
08056143989 
08033088789 
Exec.Dir 
(Services) 
Deputy Director 
Exec.Dir (Engr) 
MBA 
MSc 
Bsc 
Male (51-60) 
Male (51-60) 
Male (51-60) 
10-19 
>30 
>30 
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5.4: Names of interviewee Profile   
Name Institution 
Engr. M. Mmeo 
Adline N. K. Iringere 
Paul Bobmanuel 
Abraham Elemelu 
Rosemary Oye 
Benjamin Opurum 
Honest Oduomologhi 
Joyce Wilcox (Mrs.) 
Queen O. Nsirim (Mrs.) 
 John C. Obia 
Ogbomu, Christopher 
Aru Amakiri 
Godwin D. Kpokah 
Nwidobie Michael 
Peter Bagadam 
Felix Okwa 
Peter Romans 
Collinus Wagbara 
Emmanuel Amadi 
Jessie Onuoha 
Sakanwi Emmanuel 
Nwike, Edwin 
Nimi K 
Engr.T.A.Diriyai 
Engr. MM Mmeo 
Peter Chukwuma 
Mrs Nwobi 
Ugo 
Mcdonald 
Chief Aleru 
M.D.Derefaka 
I.D.Micheal 
G.Ugwueze 
Mr.Lawrence 
P.N.Nwosu 
N.Igbokwe 
Mark O 
Julius N 
Ugoanyanwu E 
Chrecentia O. 
 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
RSWB 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
ISWC 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
CRSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
BYSWB 
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Annex 5.5: Research Introductory Letter from Loughborough University, UK 
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Annex Table 6.0. Summarised Nigeria Drinking water quality standard (2007) 
Parameter  
 
Unit Maximum 
Permitted 
Levels 
Health Impact Note 
A) Physical/Organoleptic 
Parameters 
    
Colour TCU 15 None  
Odour - Unobjectionab
le 
None  
Test - Unobjectionab
le 
None  
Temperature Celsius Ambient None  
Turbidity NTU 5 None  
B) Disinfectants and their by-
products 
    
Free residual chlorine mg/L  0.2 - 0.25 None Note 
2 
Trihalomethanes Total mg/L 0.001 Cancer Note 
2 
2,4,6-trichlorophenol mg/L 0.02 Cancer Note 
2 
C) Inorganic Constituents     
Aluminium (Al) mg/L 0.2 Potential Neuro-degenerative disorders  
Arsenic (As) mg/L 0.01 Cancer  
Barium mg/L 0.7 Hypertension  
Cadmium (Cd) mg/L 0.003 Toxic to the kidney  
Chloride (Cl) mg/L 250 None  
Chromium (Cr6+) mg/L 0.05 Cancer  
Conductivity µS/cm 1000 None  
Copper (Cu+2) mg/L 1 Gastrointestinal disorder  
Cyanide (CN-) mg/L 0.01 Very toxic to the thyroid and the 
nervous system 
 
Fluoride (F-) mg/L 1.5 Fluorosis, skeletal tissue (bones and 
teeth) morbidity 
 
Hardness (as CaCO3) mg/L 150 None  
Hydrogen Sulphide (H2S) mg/L 0.05 None  
Iron (Fe+2) mg/L 0.3 None  
Lead (Pb) mg/L 0.01 Cancer , interference with vitamin D 
metabolism, affect mental development 
in infants, toxic to the central and 
peripheral nervous systems 
 
Magnesium (Mg+2) mg/L 0.20 Consumer acceptability  
Manganese (Mn+2) mg/L 0.2 Neurological disorder  
Mercury (Hg) mg/L 0.001 Affects the kidney and central nervous 
system 
 
Nickel (Ni) mg/L 0.02 Possibly carcinogenic  
Nitrate (NO3) mg/L 50 Cyanosis and asphysia (‘blue-baby 
syndrome’’) in infants under 3 months 
 
Nitrite (NO2) mg/L 0.2 Cyanosis and asphysia (‘blue-baby 
syndrome’’) in infants under 3 months 
 
pH mg/L 6.5 – 8.5 None  
Sodium (Na) mg/L 200 None  
Sulphate (SO4) mg/L 100 None  
Total Dissolved Solids mg/L 500 None  
Zinc mg/L 3 None  
D) Organic Constituents     
Detergents mg/L 0.01 Possibly carcinogenic  
Mineral oil mg/L 0.003 Possibly carcinogenic  
Pesticides mg/L 0.01 Possibly carcinogenic  
Phenols mg/L 0.001 Possibly carcinogenic  
Poly Aromatic Hydrocarbons mg/L 0.007 Possibly carcinogenic  
Total organic carbon or oxidisability mg/L 5 Cancer  
E) Radioactive constituents     
Radionuclides Bq/L 0.1 Cancer  
376 
 
F) Microbiological constituents     
Total Coliform Count Cfu/m
l 
10 Indication of faecal contamination  
Thermo tolerant Coliform or E.coli Cfu/1
00ml 
0 Urinary track infections, bacteraemia, 
meningitis, diarrhea (one of the main 
cause of morbidity and mortality among 
children), acute renal failure and 
haemolytic anaemia 
 
Faecal streptococcus Cfu/1
00ml 
0 Indication of recent faecal contamination  
Clostridium perfringens spore Cfu/1
00ml 
0 Index of intermittent faecal 
contamination 
 
 
 
                                                                                                            
Annex Figure 6.1: Overall impact of limited funding of the utilities  
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Annex Figure 6.2: The researcher during the time of the data collection in Port Harcourt, 
January, 2011 
 
